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PRESIDENTIAL ADDRESS 


Hypoglycaemia and Hyperinsulinism* 
WALTER R. CAMPBELL, F.R.S.C.7 


AVING been associated with its development ad urbe condita and 
still finding it intriguing, I have chosen to discuss the subject of 
hypoglycaemia and hyperinsulinism. At the outset it seems desirable to 
emphasize that these two conditions are not synonymous. The former is a 
symptom or a symptom complex, the latter is an organic disease. True, there 
are common factors, but the differentiation is extremely important for the 
diagnosis and future well-being of the patient. Clear differentiation may not 
be easy at the outset, but inadequate investigation leading to unnecessary 
operation or unnecessary and dangerous delay in treatment still occurs, in 
spite of the fact that some five hundred cases of true hyperinsulinism have 
now been described. 

As in so many other cases, the necessary information for differentiation 
grew rather slowly and gradual accumulation of facts eventually permitted 
the synthesis. It should never be forgotten that our present proud position 
in modern medicine is largely dependent on fundamental investigations into 
natural phenomena—often seemingly unrelated. The debt of clinical medi- 
cine to science in general is enormous, and greater recognition of this fact 
and greater support of these sciences is essential to further advance in the 
healing arts. Today, the emphasis is on progress in more material ways, 
sometimes good in themselves and sometimes leading to destruction. Even 
in the latter, however, the by-products are sometimes turned to advantage 
as, for example, the development of radioactive isotopes for the investigation 
and treatment of disease. While I have faith in history and confidence that 
progress in medicine will continue, it is clearly evident that greater support 
for our fundamental biological sciences is necessary for the good of mankind. 
It is equally obvious that this support must be obtained by greater efforts 
of the medical profession which has a larger appreciation of their value than 
many other divisions of our society. 

The histological picture of the pancreas was investigated by Langerhans 
(23) in 1869. He described the structures which Laguesse (20) subsequently 
called after him—the islets of Langerhans—without, however, venturing an 
opinion on their function. Minkowski (27), twenty years later, clearly 
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proved the existence of an internal secretion of the pancreas, acting on the 
blood sugar, without, however, ascribing it to the islets of Langerhans. A 
little later, Laguesse (20), Schafer (30), and Diamare (12) put forward 
the view that the internal secretion was derived from the islands of Langer- 
hans. This view later received some support from the comparative ana- 
tomical standpoint by the investigation of Rennie (29) and others on the 
Teleost fishes in which the “principal islets” are separate from the pancreas. 
Much investigation by many able men followed. It should be admitted that 
several investigators actually produced some evidence of an internal secre- 
tion acting on carbohydrate metabolism but the problem remained in 
“hopeful inconclusion”’ until the decisive investigations of Banting and Best 
in 1921 (2). 

During the middle of the nineteenth century Claude Bernard (6) initiated 
his important researches on the liver and carbohydrate metabolism, dis- 
covered glycogen and its relation to the blood sugar and numerous other 
details related to glycosuria and diabetes. In 1874 Bock and Hoffman (7) 
demonstrated that the blood sugar diminishes after removal of the liver, a 
result which was confirmed by Macleod (25) and others, not only in liver- 
less but also in liverless, depancreatized dogs. It is around this time that we 
encounter the rapid rise of biochemistry as an independent discipline. 
A. B. Macallum, onetime President of this Society, told me in 1912 that he 
had read every important biochemical paper ever published in English, 
French, and German. What man could say the same today! Progress in 
biochemical methods is the foundation stone in the rapid development of 
knowledge concerning diabetes in this era. Using the newer chemical 
methods plus a new method of hepatectomy, Mann and Magath (24) 
studied the symptomatology of hypoglycaemia in animals in 1921—muscle 
weakness, loss of reflexes, hyperactive reflexes, muscle twitchings, uncon- 
sciousness, and convulsions developed in these animals and were at once 
relieved by glucose administration. Their observations taught us that the 
peculiar toxic symptoms arising on administration of pancreatic extracts to 
animals were possibly the result of hypoglycaemia. This was quickly con- 
firmed in Toronto and Collip (11) developed thereby a method for measur- 
ing the potency of insulin in these extracts, which has been of great service. 

During this same period quantitative regulation in place of qualitative 
alteration in diets for diabetes made possible a better outlook for many of 
these patients. The emphasis on individualizing treatment led to more serious 
study of the patient’s requirements and his limitations, and added greatly 
to our basic knowledge of the disease. The newer methods of blood sugar 
estimation were available to the clinician also and were much used during 
treatment to determine the progress made. For the milder cases a tolerable 
regimen could be established and maintained for years; for the younger, 
more severely diabetic patients, severe undernutrition prolonged the life 
expectancy. In these more severely depleted patients hypoglycaemia was 
occasionally encountered, presumably when the small stores of amino-acids 
available were insufficient to synthesize glucose, as also occurs in starvation 
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from other causes. Some considerable care was required in the application 
treatment of undernutrition in such patients, but the symptomatology of 
hypoglycaemia was not, to my knowledge, separated from the other phe- 
nomena of starvation at this time. 

With the discovery of insulin, the intense physiological investigation 
accompanying it, and the variation in potency between the small batches of 
insulin available, it was inevitable that we should encounter hypoglycaemia 
(3). It was fortunate that the signs of hypoglycaemia had been studied in 
animals (24; 11) and the effective remedy known. For the most part, 
objective signs were noted in these animals. Our first fifty patients (4) 
treated with insulin yielded more objective signs and added subjective 
symptoms not available in animals. Gradually it became apparent that there 
was a rough correlation between the signs and symptoms encountered and 
the depth of hypoglycaemia. This was not, however, invariable and we 
even encountered patients in severe hypoglycaemia without symptoms. 
There appears to be a dynamic element in the production of symptoms. 
When, later on, we encountered hypoglycaemia in patients taking protamine 
zinc insulin, we found that the blood sugar is often quietly and very 
gradually stolen away without the production of symptoms until dangerous 
levels are seen. 

The symptoms of hypoglycaemia in man are many and various: a vague 
uneasiness, a sense of impending danger, a mask-like face, dilated pupils, 
diplopia, pallor, flushing, tremulousness, hunger, nervousness, tremor, sweat- 
ing, tachycardia, anxiety, faintness, excitement, emotional disturbances, 
vertigo, inco-ordination, mania, delirium, aphasia, disorientation, hallucina- 
tions, delusions, confusion, convulsions, bradycardia, low blood-pressure, 
hemiplegia, synocope, coma, and also unjustified fatigue, nausea, depression, 
moroseness, lack of ambition, paraesthesia, and headache. Occurring in a 
diabetic, any of these symptoms may mean hypoglycaemia. Beware also of 
the diabetic child who is preternaturally good as much as the one who is 
obstreperous. Many people complain of a drawn feeling about the mouth 
and aberrations of smell. Circumoral pallor may be an early sign and 
cantankerousness and vulgarity may indicate that the blood sugar is too 
low. Negativism in a diabetic is an almost certain sign of very low blood 
sugar. 

Convulsions frequently occur in fasted animals given insulin—indeed, this 
is one of the methods of establishing the potency of an insulin. Convulsions 
as a result of insulin hypoglycaemia in children were noted early by Geyelin 
(14) and others, but in the first three years we found none, possibly because 
of the fact that few children were treated by us, but also because these 
emaciated, sometimes almost moribund youngsters were already known to be 
excessively sensitive to slight overdosage of insulin. Convulsions may also 
occur in adults but are much more rare. They are relatively much more 
frequent in the hypoglycaemic state of patients with organic hyperinsulinism. 

Transient hemiplegia (28) is occasionally seen in the older age group. 
It is usually of short duration and repairs well. It has been found in diabetic 
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patients receiving insulin and also in organic hyperinsulinism. Without 
confirmation by chemical examination of the blood sugar level and other 
objective signs, it may be difficult to trace the origin of the hemiplegia. 

Death from hypoglycaemia has occurred in a number of diabetic patients 
taking insulin, as well as some cases of organic hyperinsulinism. The amount 
of the overdosage, although not always obtainable since the patient himself 
may have taken a large amount in error, is not necessarily large. Duration 
of the period of unconsciousness, during which the brain is deprived of 
glucose, is a more important factor. Such patients may not respond to 
enormous doses of glucose given intravenously for long periods. Oxygen in 
high concentration may possibly be of some value in these patients. 

After studying fifty cases of diabetes treated with insulin we published a 
second clinical paper (4) discussing various aspects of the use of insulin, 
including a description of hypoglycaemia in man, its symptoms, signs, 
dangers, and cure. A more extensive investigation of the blood sugar follow- 
ing insulin administration and the symptom complex hypoglycaemia was 
published in the Journai of Metabolic Research (13) a little later. 

One of the important findings of our early work on insulin administration 
(13) was that the blood sugar may be readily lowered to the normal level 
but further lowering is resisted to a considerable degree, probably because of 
the homeostatic mechanisms which come into play. This is true, not only in 
normals but also in diabetics. The practice, all too frequent, of allowing some 
glycosuria and a raised blood sugar allegedly to avoid a hypoglycaemia 
reaction, is thus based on error and leaves the patient diabetic during a 
considerable part of the day, with the consequent progression of the condi- 
tion and its disabilities, only somewhat less rapid than in controlled diabetes. 
The danger of depleting the glycogen of the cardiac muscle by hypogly- 
caemia is not so great as sometimes supposed. It is well known that it is 
extremely difficult to remove glycogen from the heart muscle, much more 
difficult than the removal of glycogen from the liver or the voluntary muscle. 
This does not mean that there are not disadvantages and serious physical 
dangers, both acute and long-term dangers, in hypoglycaemia in diabetics. 
Serious states of undernutrition, acidosis, and infections and the so-called 
brittle diabetes, wherever haemostatic mechanisms are impaired, such as 
cirrhosis of the liver, hyperthyroidism, Addison’s disease, and so on, impose 
a special responsibility on the physician to avoid hypoglycaemia, but the 
greater majority of diabetics are better treated in the long-term view by 
measures to keep their metabolism within physiological limits. It may be 
taken as a good rule in medicine that casual treatment ultimately brings its 
reward—disappointment and disaster. 

A physiological investigation of the antidotes to insulin in animals by 
MacLeod et al. (26) revealed that glucose takes foremost place with other 
sugars ranking after it in order of their ease of conversion to glucose. Our 
studies in man (13; 9) confirmed these and added a few more substances 
to the list as well as the symptomatology in man. We recognized early that 
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when glycogen is available in the liver, the injection of epinephrine may be 
used to bring an hypoglycaemic patient out of unconsciousness. This is safe 
enough in fat diabetics, but we did not use it in severely emaciated patients, 
because in such patients the liver glycogen is very low. The reasonably well- 
nourished diabetic of today is in quite a different state as regards glycogen 
stores and one need not hesitate to use epinephrine, but afterwards, as we 
pointed out, the patient should be given carbohydrate as soon as he can 
swallow. I would prefer to give 50 per cent glucose intravenously whenever 
the patient cannot swallow. Subduing a negativistic, maniacal hypogly- 
caemic diabetic may sometimes be difficult. I can remember a hefty police- 
man and myself being thrown to opposite sides of the room by an eighteen- 
year-old-boy, with disastrous results to the sterile glass-ware. Perhaps it 
would have been easier to have given epinephrine in that case. Our solution 
was the riot squad—more policemen. 

The repeated insult of hypoglycaemia is a probable factor in the develop- 
ment of neurasthenic symptoms or definite mental aberration in some dia- 
betics. The use of the longer-acting insulins has not simplified the problem. 
The intermediate grades of hypoglycaemia may be largely asymptomatic 
and exist for long periods without detection in these patients. With adequate 
machinery the treatment of the metabolic abnormality of the diabetic is 
ridiculously easy. The treatment of the patient is quite another matter. It 
must be highly individualized and applied with due reference to his per- 
sonality. The patient himself must have a clear insight into the objectives of 
treatment and bear a part of the load of the treatment, not fearfully and not 
callously, but with resolution and determination to beat the game; and his 
physician must guide him lightly or firmly to his objective. Here is the place 
where wisdom rather than knowledge is important and herein lies the solu- 
tion of the problem of hypoglycaemia for diabetics. 

The causes of hypoglycaemia may be divided into four main groups: 
(1) Relative overdosage of insulin administered as seen in diabetics under 
treatment and in insulin shock treatment for mental disease. Factitious 
hyperinsulinism should be included here. (2) Hypoglycaemia of extrapan- 
creatic origin, wherein hypoglycaemia is an incidental though important 
finding in another disease. (3) Functional or idiopathic hypoglycaemia. 
Classification is a convenience—a generalization, and the old maxim should 
be remembered “All generalizations are untrue including this one.” I am 
not entirely satisfied that Group 3 should exist independently of Group 2; 
nevertheless, these cases present more of the unknown and furnish the most 
important challenge to our ability to diagnose true hyperinsulinism. (4) 
Hyperplasia and tumours of the islands of Langerhans—hyperinsulinism. 

The causes of hypoglycaemia of extrapancreatic origin are numerous but 
the patient will usually provide other evidence from history or physical 
examination to identify them. Starvation has already been mentioned as a 
cause, but is seldom encountered before advanced states of emaciation have 
been attained, or other causes combine to bring it about. Anorexia nervosa is 
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an example. Other causes include: (i) Impaired glycogen metabolism as 
encountered in liver disturbances, tumour, atrophy, fatty infiltration, yellow 
fever, poisoning by chloroform, carbon tetrachloride, phosphorous, arsenic, 
and alcohol, and many other chemicals, Von Gierke’s disease, and muscular 
dystrophy. (ii) Excessive use of available carbohydrates as, for example, 
extreme fatigue, marathon races, and infections, the later stages of status 
epilepticus. Lactation, pregnancy, and renal glycosuria provide somewhat 
rare instances of abnormal drainage on the blood sugar. (ili) Loss or 
damage to normal antagonists, Addison’s disease, scleroderma, hypothy- 
roidism, chromophobe pituitary tumours, and Simmond’s disease. (iv) Im- 
perfect adaptation to diet. Sometimes seen in young children associated with 
cyclic vomiting and various diarrhoeas, also after massive gastric resection 
and sometimes in hyperthyroidism. Appropriate treatment for the disease 
with provision of carbohydrate when necessary is all that need be done in 
these cases provided they are not combined with other forms of hypogly- 
caemia. 

Real difficulty in diagnosis may arise in separating certain functional or 
idiopathic hypoglycaemias from true hyperinsulinism. Let us call them 
idiopathic hypoglycaemias to emphasize that there is so much unknown 
about them. True hyperinsulinism, however, is the result of a disease of the 
islands of Langerhans. Dr. Seale Harris visited us, saw our hypoglycaemias, 
and subsequently wrote about a new disease which he called “hyperinsulin- 
ism” (17). His acute observations separated out a group of people who 
develop a mild degree o! hypoglycaemia with minor symptoms thereof in 
mid-morning. We prefer to call these idiopathic hypoglycaemias. Like old 
soldiers they never die and thus the exact cause of their disability is 
unknown. Perhaps if it were, they might be found to belong to another group 
of cases. Gibson and Larimer (15) had previously pointed out that soluble 
carbohydrate ingestion first raises the blood sugar and may then be followed 
by a period of lowered blood sugar levels, sometimes but not always ac- 
companied by symptoms. This is apparently a functional hypoglycaemia 
resultant upon over-stimulation of over-sensitive insulin release mechanisms 
by carbohydrate ingestion. When people do develop these hypoglycaemic 
episodes, it necessarily prompts a careful investigation to distinguish them 
from organic hyperinsulinism, but they can be treated adequately by suitable 
adjustment of the diet. 

Closely related to this group of patients is a group with marked instability 
of the nervous system. The characteristic reaction of these patients, besides 
the hypoglycaemia, is their inconsistent reaction to various situations, largely 
emotional in character, It is not impossible that some of the former group 
eventually develop nervous instability as indeed is often found to be the case 
in the organic hyperinsulinisms. These are most frequent in women in the 
fourth and fifth decades. Menstrual irregularities are not uncommonly 
present. Dietary adjustment is effective in these patients but psychological 
assessment and treatment is also necessary to rehabilitate the person. 
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Dietary adjustment varies somewhat with the patient. There are two 
absolute prohibitions: no alcohol and no soft drinks. Since protein is but 
slowly available as a source of blood sugar, it is used in increased amount, 
but the decreased requirement for calories in present-day occupations im- 
poses an upper limit to the amount of protein which may be concealed in 
the meals. (I have more than a suspicion that in some institutions the 
dietitian does not report the plate waste.) For an average woman 125 grams, 
the average man 140 grams, of protein per day is all that is desirable over 
long periods. ‘Twenty-five grams more may be used with larger people and 
those with heavier occupations and more lavish expenditure on protein 
foods, but beware of the time when the patient develops “that stuffed 
feeling.” It is the prelude to dietary imbalance and recurrence of the pa- 
tient’s distresses. Carbohydrate should be limited to some 200 grams, the 
soluble carbohydrates being held to a low proportion. The problem of 
desserts then arises, but is less pressing now when so many people omit them 
entirely. Custom works to our advantage here. Artificially sweetened canned 
fruits have an advantage over fresh fruit in that so much of the carbohydrate 
is leached out into the liquid and need not be eaten. There is really no 
necessity to prohibit any carbohydrate food, but merely the need to employ 
it with discretion. The amount of fat in the diet, since it contributes least to 
the stimulus to insulin release, may be set to provide the amount of energy 
required daily in the forms preferred by the patient and the habits and 
customs of his family, This is the point where published fixed menus break 
down. They should be used as mere examples, subject to almost infinite 
variation within their limitations. In most cases the older statements as to 
caloric requirements are out of date. With mechanical devices, the modern 
machinist expends less energy than a bank clerk and may well be envied by 
a grocery clerk. Avoidance of hypernutrition should be an objective here. 
One might think that high fat diets after the pattern of those formerly em- 
ployed in epilepsy would be useful. They do not work, however, largely for 
psychological reasons. Our usual custom of three meals per day tends to 
concentrate the impact of carbohydrate on the insulin release mechanisms 
too greatly. Smaller main meals with snacks between meals and at bedtime 
are superior in their results and are to be preferred at the outset of treatment, 
although in many instances they may be safely abandoned later. 

One other cause of “hypoglycaemia” should be mentioned in order that 
it may be avoided. This is iatrogenic hypoglycaemia. One’s first reaction to 
a diagnosis of hypoglycaemia based on a single blood sugar estimation of 
.065 per cent should be one of profound scepticism, even if the estimation is 
accompanied by suggestive symptoms, since this is so frequent in normal 
individuals under comparable circumstances. A true hypoglycaemic syn- 
drome can be demonstrated repeatedly and furthermore it can be provoked 
by glucose ingestion. Seale Harris’s “hyperinsulinism” or, more properly, 
functional hypoglycaemia, exists but is uncommon, even rare, in this 
country. For dietetic reasons it may be encountered more frequently in 
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southern climes. It is readily controlled by dietary adjustment. When hypo- 
glycaemia is encountered in patients with nervous instability, it also may be 
controlled by dietetic means, but should never be mentioned to such patients, 
since it complicates enormously the difficulties of the neuropsychiatrist in 
rehabilitating the patient. 

True hyperinsulinism results from hyperplasia or tumour of the islands of 
Langerhans, producing insulin in excess of requirement and releasing it in 
unsuitable amounts at unseasonable times. It may be encountered in any 
age group from infancy to old age and has no predominant sex incidence. 

Hyperplasia exists in an infantile and adult form. Whenever in the later 
months of pregnancy a diabetic improves in carbohydrate tolerance, it must 
be accepted that the foetus is producing the insulin. It is significant that the 
patient is invariably poorly controlled. The high blood sugar stimulates 
overgrowth of the foetal islands of Langerhans. At birth, the infant who is 
deprived of a means of disposal of the excess insulin goes into hypoglycaemic 
coma and dies unless promptly and effectively treated with glucose. Dosage 
of carbohydrate may be diminished from day to day and within a week the 
child needs no supplementary carbohydrate to guard him. In numerous fatal 
cases, the islands have been shown to be increased in number and size and 
are hyperplastic. Relatively few cases of the adult form have been seen and, 
up to the present, they cannot ‘be distinguished from the tumours pre- 
operatively by any clinical or laboratory procedures. 

The islet cell tumours are of two types—simple benign adenoma and 
carcinoma. The patient so carefully and completely studied by Wilder and 
his associates (34; 35) established the disease hyperinsulinism as an entity. 
This patient had a carcinoma of the islets metastasing to the liver. The 
discovery of insulin in the metastases incidentally furnished further proof 
of the insulin-producing function of the islet tissue. Numerous cases of 
metastases to the lymph glands and liver are known. We have encountered 
none. The first case of hyperinsulinism cured (19) we believed to be 
malignant, because certain features common in malignancy were present, 
but further experience has convinced us that it was a benign adenoma. The 
patient died twenty years after the operation without experiencing any 
further symptoms of the disease and other patients with these characteristic 
tumours have also survived for long periods without developing metastases. 
Short of adequate resection, there is no permanently effective treatment for 
true hyperinsulinism of either hyperplastic or tumour origin. The symptoma- 
tology of hypoglycaemia in these patients is quite as broad as that seen in 
diabetics undergoing insulin reaction. Awareness of the possibility of hypo- 
glycaemia in a patient with unusual behaviour facilitates diagnosis. Many 
patients discover for themselves the suitable antidote for their hypogly- 
caemia. Many employ it to excess, giving rise to obesity, and some have come 
to the physician for the relief of the latter rather than their original disease. 
Obesity enormously complicates the work of the surgeon. On this account, 
as well as the relief obtained, dangers averted, and the possibility that a 
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carcinoma may be removed before metastases have taken place, operation in 
well-studied cases should not be delayed unduly by attempts at dietotherapy, 
which can at most have only temporary effects. 

When any unusual or bizarre sign or symptom occurs in a diabetic taking 
insulin, one should think of hypoglycaemia, and the safest procedure is to 
supply glucose in some form immediately, intravenously if necessary. The 
effect should be seen promptly, but is this episode the result of treatment with 
insulin or are other factors involved? The diabetic is not immune to any 
disease (including hyperinsulinism). We have, for example, many cases of 
hyperthyroidism and hypothyroidism with diabetes, two with diabetes and 
Addison’s disease, and, not infrequently, diabetics with liver disease. With 
a good history and complete examination the question should not prove 
very difficult. 

A high index of suspicion is sometimes required, but in a non-diabetic a 
possible hypoglycaemic attack should, in the first instance, be cured by 
glucose and stimulate an investigation for conditions grouped under hypo- 
glycaemias of extrapancreatic origin, and most particularly, patients with 
Addison’s disease and Simmond’s disease should be ruled out, since they may 
react badly to provoked hypoglycaemia, fasting, and exercise. 

Differentiation between idiopathic hypoglycaemia and true hyperinsulin- 
ism may prove more difficult. The history of the latter shows wide variation. 
Perhaps, as in many cases, the condition may be traced back to an unex- 
plained incident many years before, presenting evidence of possible hypo- 
glycaemia. Some time later another episode occurred, perhaps with a dif- 
ferent group of symptoms, again suggesting hypoglycaemia. Recovery is 
sometimes apparently complete, or a series of minor episodes at intervals 
through the years testify to a progression of the disease. But we also know of 
patients whose first recognized attack was of major severity, in whom hypo- 
glycaemia can be demonstrated before breakfast, increased by fasting and 
by exercise, and provoked by glucose ingestion. Between the earlier episodes 
there may be periods in which it may be difficult to induce attacks, when the 
fasting blood sugar is normal, but this relative immunity is always succeeded 
by progression, increasing frequency and severity of attacks. Undiagnosed 
attacks are often lethal but more frequently, prolonged attacks or repeated 
attacks of hypoglycaemia produce disastrous results to the central nervous 
system—coma, convulsions, and hemiplegia, while epilepsy is often simu- 
lated temporarily and probably sometimes produced as a permanent injury, 
and mental changes of varying type and severity up to complete idiocy are 
encountered. It is significant that many cases have been discovered in 
mental institutions. In 1939 (10) we reported a patient who, following 
prolonged unconsciousness from hypoglycaemia, developed marked cerebral 
changes, changes in peripheral nerves, and muscle atrophy. Removal of the 
adenoma permitted some improvement in the cerebral changes with pro- 
gression of the muscle atrophy. There has been a measure of improvement in 
subsequent years, leaving her a somewhat irritable vegetable of low mentality 
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and considerable muscle impairment. In 1946 Silfverskidld (31) reported 
two similar clinical cases and Lidz and co-workers (22) reported muscle 
wasting and cerebral damage in a further case. Tom and Richardson (32) 
more recently observed such a patient and published a pathological exami- 
nation confirming the clinical findings in such cases. They suggest that such 
changes may perhaps result more frequently than we have appreciated 
previously. 

The tragic consequences of true hyperinsulinism are sufficiently apparent. 
With my colleagues, I must confess to some impatience with patients’ being 
given the correct diagnosis and allowed to remain under palliative treat- 
ment. The results are disastrous. Thirty years ago, operation on the pancreas 
was sufficiently dangerous to give one pause, It may still be dangerous, 
especially when complicated by obesity, but no other procedure now known 
provides adequate treatment for the condition. An inconclusive investigation 
must be repeated until sufficient data are secured to supply the correct 
diagnosis. Often it is a diagnosis of exclusion, but many cases are sufficiently 
obvious. There are no other causes for marked low blood sugar before 
breakfast with the possible exception of the crises of Addison’s and Sim- 
mond’s disease and these are readily diagnosed. The Whipple triad is most 
important but Wilder’s (34) additional requirement of evidence of pre- 
vious good health and nervous stability prior to the onset of symptoms is a 
valuable addition. It must not be confused with the evidences of instability of 
the nervous system which develop in patients who have suffered from numer- 
ous attacks of hypoglycaemia of many origins including hyperinsulinism. 

Whipple (33) rightly emphasizes three criteria for the diagnosis of 
hyperinsulinism: (1) Post-absorptive blood sugars less than 50 mgms. per 
100 ml. (2) Symptomatic attacks of hypoglycaemia which occur only when 
the patient is fasting. (3) Relief of symptoms by administration of glucose, 
preferably intravenously. Other measures of some value are glucose- 
provoked hypoglycaemia, fasting, and exercise. Epinephrine injection and 
the administration of insulin have not in our hands added any evidence of 
value in diagnosis. Perhaps when the quantitative estimation of blood insulin 
becomes more reliable, the demonstration of excess insulin in the blood may 
become a valuable tool. 

The glucose tolerance test as a tool for differentiation has been criticised 
as non-diagnostic and that may sometimes be so. Nevertheless, it can on 
occasion furnish useful additions to the clinical picture if properly carried 
out and correctly interpreted. At the onset, it should be realized that ad- 
ministration of glucose without full knowledge that the carbohydrate content 
of the diet has been adequate for days beforehand may yield misleading 
results. A dose of glucose, administered after fourteen hours of fasting, should 
not be less than 100 grams or 1.75 g. per kg. B.W. It should be succeeded by 
fasting or, perhaps on a second attempt, by fasting and intermittent exercise, 
for as long as thirty hours, with blood sugars at intervals unless terminated 
earlier because of unmistakable evidences of hypoglycaemia. Termination is 
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accomplished by a minimum of glucose (10-15 grams) given intravenously 
and accompanied by a meal, largely protein and starches, lest a renewed 
attack of hypoglycaemia be provoked. The initial fasting blood sugar level 
in hyperinsul:nism may be very low, in severe liver and adrenal injury like- 
wise, but these latter conditions should not cause difficulty. Fasting blood 
sugar levels below .05 per cent do not occur in the idiopathic group. 

In the first three hours the blood sugar levels may follow the classical 
normal pattern, but this is unusual and not an indication for discontinuing 
the test. Sometimes a completely diabetic curve may last for more than three 
hours. More frequently, the three hour blood sugar is low, but this occurs 
in normals, the extrapancreatic hypoglycaemias, the idiopathic hypogly- 
caemias, and hyperinsulinism. Often the blood sugars of the first two hours 
are above normal and even accompanied by glycosuria, and with this picture 
the three hour blood sugar may be normal or low. This is abnormal but not 
diagnostic, being found in patients suffering from many kinds of hypogly- 
caemia. Blood sugars taken hourly from the fourth to seventh hours are 
more valuable. Even if the hypoglycaemic symptoms arise, the blood sugar 
in other patients tends to come back to normal during this period, whereas 


hypoglycaemia from hyperinsulinism, if present, tends to continue and grow 
worse. If a level of blood glucose of .05 per cent is found by the seventh 
hour, the test should be terminated; if not, fasting is continued with blood 
sugars at longer intervals. It is sometimes difficult to decide on discon- 
tinuance of the test if marked symptoms of hypoglycaemia develop earlier, 


although the clinical history is some help in this regard. Continuance of the 
test through the night is, of course, to be accompanied by constant observa- 
tion of the patient. Next morning, if positive results have not been obtained, 
exercise for twenty-minute periods on the bicycle ergometer may be tried. 
Whereas the fasting blood sugar in the idiopathic hypoglycaemias on the 
second morning is normal, in hyperinsulinism it is seldom over .05 per cent. 
It must be actually measured, however. While many of these patients have 
developed a symptomatology like the idiopathic hypoglycaemias, at the same 
time others have developed a relative tolerance for low blood sugar. Glucose 
tolerance tests done in this manner have not quite the diagnostic value they 
possess in diabetes mellitus, but frequently supply the data useful in diag- 
nosis. We would agree with Wilder (34) that the most essential characteris- 
tic of hyperinsulinism is intolerance to fasting. Nevertheless, on the one hand 
a severe and permanently disabling attack may be the first one noted, and 
on the other hand patients have controlled less severe symptoms with carbo- 
hydrate for thirty-eight years as in Wilder's case, before developing un- 
mistakable evidence of an islet cell tumour. In our series, the longest-known 
duration is seventeen years (16). While attacks are still isolated, there may 
be no post-absorptive hypoglycaemia or other symptoms of abnormality on 
succeeding days. A positive diagnosis of post-absorptive hypoglycaemia must 
then be confirmed by repeating the investigation at a later time, meanwhile 
protecting the patient by advising as to the symptoms of hypoglycaemia, the 
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cure thereof, and the necessity for prompt medical attention. The lesser 
degrees of hypoglycaemia, a failure to increase in severity on prolonged 
fasting and a failure to provoke an attack by glucose ingestion or exercise 
should always raise a doubt as to the diagnosis. 

We have always endeavoured to provide adequate proof of the diagnosis 
before operation, but to our knowledge have rejected the diagnosis in no 
instance later proved to have a tumour. My surgical colleagues have 
operated upon fourteen patients with a mortality of 14 per cent. One patient 
was operated upon twice as we missed the tumour the first time, another 
was operated upon twice seven years apart, removing two tumours, though 
she was perfectly well for more than five years between operations and has 
remained well for the past nine years. In one patient no tumour was found. 
The patient died at home in another city some months later, supposedly of 
a stroke, so we cannot be certain whether or not we missed a tumour. In 
a further case no tumour was found but the evidence was unequivocal so 
a subtotal resection of the pancreas was done (10). It was successful and no 
further symptoms of hypoglycaemia have developed in a few months short 
of twenty years. The patient is not a diabetic (Brooks (8) ). Minkowski 
(27) found that leaving one-tenth of the pancreas in animals is not followed 
by pancreatic diabetes, although Homans (18), Allen (1), and others pro- 
duced it subsequently by overfeeding animals similarly operated upon. The 
record would not be complete, however, without confessing that I con- 
curred in advising operation in a case of factitious hyperinsulinism in an- 
other hospital. 

Preparation for operation includes a glucose infusion in most instances 
and preparations for blood transfusion in case the surgeon deems it advisable 
during the operation. One patient operated upon with spinal anaesthesia 
during hypoglycaemic coma because we were unable to overcome it, 
promptly recovered when the tumour was excised. She was apparently 
liberating excess insulin from the tumour continuously. We had no further 
difficulty with her carbohydrate metabolism post-operatively, whereas in 
another patient, excision of the tumour was followed by hyperglycaemia, 
glycosuria, ketosis, and slight acidosis. Insulin was used for a few days and 
she gradually regained a normal glucose tolerance in three months’ time. 
We suspect that the tumour was leaking insulin continuously in both these 
cases but that in the latter, normal insulin production was temporarily sup- 
pressed by tumour activity. Most patients recovered after operation without 
special incident. ‘Two developed pancreatic fistulae for a time, two died in 
hyperthermia without other clinical signs after operation. In one, a post- 
mortem examination revealed no discernible cause, in the other, permission 
for necropsy was refused. 

The details of the surgical measures adopted are beyond the scope of this 
paper, but certain points must be observed. When the tumour is not readily 
visible, complete mobilization of the pancreas to facilitate adequate pal- 
pation is essential. Careful search for additional tumours and metastases 
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must be made. If no tumour is found, adequate resection of the pancreas 
should be undertaken. Insufficient resection is the probable cause of failure 
in many cases of diffuse hyperplasia of the islets. If the resection fails to 
reveal diffuse hyperplasia or a deeply embedded tumour, the probability is 
that there is a tumour deep in the head of the pancreas. It is commonly 
stated that most tumours are located in the tail of the pancreas. In our 
series, most tumours were found in the body of the pancreas. Re-operation, 
after it is demonstrated that symptoms persist, is preferable to multiple in- 
cisions in the gland at the first operation in the endeavour to locate a tumour. 

Tumours excised from our cases of hyperinsulinism have ranged in weight 
from 31 milligrams to 3.4 grams and larger ones have been reported in 
the literature. Size, however, has little to do with the activity of the tumour, 
or the number and severity of the attacks; the smallest may be composed 
largely of beta cells, heavier ones may have more alpha cells and larger 
amounts of stroma and degenerated tissue. The insulin extracted from a 
tumour may vary from four to one hundred times that of normal pancreatic 
tissue, but this is merely the amount at the moment of excision and does not 
indicate the rate of production or liberation of insulin into the blood stream. 
Though the pancreatic islet tissue surrounding the tumour may appear 
atrophic from compression, this is certainly not true of the pancreas as a 
whole. 

Many islet cell tumours have been found at autopsy in patients who have 
not complained of hypoglycaemic symptoms. Routinely 0.25 per cent of 
the autopsies at the Toronto General Hospital show small islet cell tumours 
but the number is five times greater when special attention is paid to the 
pancreas. Possibly some of these tumours are alpha islet cells or secrete only 
sufficient insulin to be compensated by homeostatic mechanisms, but a 
tumour weighing 31 mg. has produced numerous hypoglycaemic attacks, 
from which the patient has been free for the past nine years. Possibly some 
patients may have been cured by degeneration of the adenoma since this 
is frequently present in the known clinical cases. 

The cytology of these tumours has varied considerably from case to case. 
Most often they are small non-malignant adenomatous growths. Bensley (5) 
is convinced that the cells are of tumour type resembling alpha and beta cells 
in many particulars, but differing from them in other important respects. 
Frequently the same cell contains granules resembling both alpha and beta 
granules. Size of cell, arrangement, and stroma vary considerably. Duct 
inclusions within the capsule have been seen. Laidlaw (21) has classed them 
as nesidioblastomas. It would be interesting to know whether these tumour 
cells would grow on tissue culture and produce insulin. Dr. Raymond Parker 
was able to grow the cells for us, but unfortunately they were soon over- 
grown by the fibroblasts accompanying them, and the rest of the experiment 
had to be abandoned for the time being. 

Malignant islet cell tumour is also a well-recognized entity, occurring in 
about 10 per cent of the cases of hyperinsulinism. Metastases to the lymph 
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glands and the liver take place and insulin has been found in the secondary 
growths as in Wilder’s (34; 35) and other cases. As stated above, we have 
not encountered any such cases in our series. 

Diffuse hyperplasia of the islets of Langerhans accounts for one of our 
cases. The symtomatology does not permit pre-operative differentiation from 
islet cell tumour. Considerable experience is necessary to recognize this 
form microscopically because of the great variability of distribution of the 
islets in the normal pancreas; nevertheless, marked increase in the numbers 
of islets, increase in the size of islets and increase in the size of islet cells 
together with cure of the condition by subtotal resection of the pancreas (10) 
make it necessary to include this group. If convinced of the diffuse hyper- 
plasia in a patient still presenting evidence of hypoglycaemia following re- 
section of a large portion of the pancreas, in view of the risks of re-operation, 
one might consider destruction of the islet tissue with the diabetogenic hor- 
mone of the pituitary gland. As Dr. Young pointed out (35), success would 
convert the patient to a diabetic but this condition can now be adequately 
controlled with comparatively small doses of insulin. 

Certainly, if confronted with islet cell carcinoma with metastases, chemi- 
cal nesidiectomy should be considered, as it represents the only hope of 
success at present. There is, of course, no proof that the diabetogenic hor- 
mone will destroy malignant islet cell tissue as it does the normal, but the 
fact that such tissue will produce insulin would seem to indicate that the 
tumour tissue resembles normal islet cell tissue sufficiently to justify the trial. 
Some day perhaps we will be able to attach a radio isotope to the hormone 
itself. 
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The Soil Microflora, the Plant, and the Root Pathogen 
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T is now over fifty years since the term “rhizosphere” was introduced to 
denote that region of the soil subject to the influence of plant roots. 

Although this region was found to be characterized by greater microbial 
activity than soil more distant from the plant little attention was paid to the 
rhizosphere for a quarter of a century, apart from scattered investigations 
which supported the earlier observations. However, interest was gradually 
reawakened and during the past two decades the rhizosphere has been 
studied with an increasing awareness that the microbiology of this region 
concerns not only the growth but also the health of plants, and that the full 
implication of what is called the “rhizosphere effect” embraces interactions 
involving soil microbes, soil-borne pathogen, and the plant. It is here that 
the soil microbiologist and the plant pathologist find a region of common 
interest. 

There is general agreement that in the rhizosphere micro-organisms are 
much more abundant than in soil free from the influence of the roots. At the 
immediate root surface, the “rhizoplane,” the effect is most intense, falling 
off sharply with increasing distance. Increase in numbers of organisms is 
most pronounced with bacteria; the effect may be noted by plating methods 
and confirmed by examination of slides buried in contact with roots which 
reveal accumulations of organisms at and near the root surface. For bacteria 
the rhizospere-soil ratio may reach as high as 100 or more, particularly with 
legumes. More modest increases are usually recorded in the case of actino- 
mycetes and fungi, and even algae and protozoa. The effect is discernible in 
the early stages of plant growth, in seedlings of less than three days, and 
further development of the rhizosphere population is dependent upon nor- 
mal growth of the plant. The rhizosphere effect increases with the age of 
the plant, normally reaching its maximum at the stage of greatest vegetative 
growth. Following the death of the plant the microbiai population gradually 
reverts to the level of that of the surrounding soil; however, cellulose- 
decomposing organisms are stimulated around dead roots, even though the 
rhizosphere effect depends upon the living plant. In general, soil amend- 
ments, in the form of fertilizers, have less effect on numbers of micro- 
organisms in the rhizosphere than in the soil. However, such additions may 
exert an indirect effect by influencing the rate of plant growth, so that 
maximum populations may be reached sooner by well fertilized, than by 
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poorly nourished plants. Apart from evidence that leguminous plants sup- 
port higher rhizosphere populations than non-leguminous, no clear-cut 
pattern has emerged regarding specific effects exerted by different groups or 
species of plants. Conflicigxg evidence has so far made it impossible to 
arrange even our commonest crop plants in order of their stimulative effects 
on soil micro-organisms. 

Even more significant than the purely quantitative effects of higher plants 
is their qualitative influence on soil micro-organisms. The plant exerts a 
characteristic effect by shifting the balance between groups of bacteria in 
respect to morphological and taxonomic types, their nutritional require- 
ments, their physiological properties and metabolic activity. Gram-negative, 
non-sporing, rod-shaped bacteria are regularly found to be proportionately 
more abundant in the rhizosphere than in the soil. Gram-positive, non- 
sporing rods and cocci, pleomorphic rods and even, more particularly, aero- 
bic spore-forming bacteria are relatively less numerous adjacent to the plant. 

More important for an understanding of the interrelationships between 
plant roots and the soil microflora is an appreciation of the physiological 
activity of the micro-organisms at or near the root surface. Based on many 
criteria, evidence has been accumulating to show that the rhizosphere 
harbours a bacterial flora more active than that of the surrounding soil. In 
the rhizosphere there are higher proportions of motile bacteria and chromo- 
genic types, of proteolytic, ammonifying, sugar-fermenting, and cellulose- 
decomposing organisms, and a wide variety of other physiological groups. 
Carbon dioxide production, used frequently as an index of microbial 
activity, is greater in soil adjacent to roots. This capacity, as well as the 
greater over-all oxygen consumption of rhizosphere soils as measured by 
manometric methods, is doubtless related to the greater micropopulation in 
the rhizosphere; however, recent evidence indicating that rhizosphere iso- 
lates are more active than non-rhizosphere organisms of corresponding 
nutritional groups in oxidizing a variety of substrates supports the conclusion 
that in the region of the plant root a microbial flora exists which, organism 
for organism, is more active than that apart from the plant. 

Based on the assumption that the equilibrium between various groups of 
organisms in soil depends largely upon the availability of appropriate nu- 
trients, a method was developed in our laboratory for classifying bacteria 
according to their nutritional requirements. This consisted in observing the 
response of bacteria, isolated by non-selective methods, in a series of media 
of varying complexity. It was, by this means, possible to distinguish groups 
of organisms, ranging from those capable of maximum development in a 
simple basal medium to types which required for growth the complex 
ingredients of soil extract. In a given soil the balance between the various 
nutritional groups has been found to be surprisingly stable and not greatly 
affected by such factors as season, temperature, moisture, or fertilizer treat- 
ment. However, studies of the rhizosphere effect indicate that the plant 
causes characteristic changes in the equilibrium between the various nutri- 
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tional groups, noted repeatedly with a wide variety of crops examined under 
field and greenhouse conditions. The outstanding features of this change of 
equilibrium are: (i) the preferential stimulation of organisms whose de- 
mands for maximum growth are satisfied by amino acids, and (ii) the lower 
relative incidence of bacteria dependent upon nutrients provided by soil 
extract. Other nutritional groups are affected relatively less. Though the 
many kinds of plants so far studied conform to the general pattern, there is 
some suggestion that different crops exert their effects in different degrees. 
This subject, however, demands more attention before the specific influence 
of crops can be assessed. 

It is reasonable to believe that the quantitative and qualitative changes 
undergone by the soil microflora in the root region are to be ascribed to 
changes in the available food supply. Two manifestations of a rhizosphere 
effect in a positive sense seem to stand out: the pronounced increase in total 
numbers, and the preferential stimulation of the “amino-acid group” of 
bacteria. Other nutritional groups, which do not appear to be affected 
preferentially in that they do not comprise significantly altered proportions 
of the population, are, in terms of absolute numbers, more abundant in 
view of the pronounced over-all increase. 

The increased numbers and activity of organisms near the roots point 
to the presence, in amounts not available in soil more distant, of a multipli- 
city of compounds suitable for microbial nutrition. Though sloughed-off 
epidermal cells account for the increase in cellulose-decomposing organisms, 
root exudates doubtless represent a source of such substances. Many organic 
compounds have variously been reported to be excreted by plant roots, but 
too little is known of their nature and their effect on the microflora. It is 
perhaps too readily assumed that release of substances from the root is 
necessarily the dominant factor in stimulating the development of micro- 
organisms known to require them. Thus the observation, reported some years 
ago, that detectable amounts of thiamine and biotin could be excreted by 
roots of seedlings led us to believe that vitamin-requiring organisms in the 
rhizosphere depended upon the plant for such essential factors. In this 
connection, the source of vitamins known to be required by certain species 
of mycorrhizal fungi living in close association with roots of certain plants 
has been a point of contention, with little or no evidence to support opposing 
opinions. However, more recent work based on more refined procedures has 
shown that organisms requiring these vitamins, as well as other specific 
growth factors, are proportionately lower in the rhizosphere. This, with the 
recent finding of a high incidence of vitamin-synthesizing organisms in the 
rhizosphere, supports the view that the occurrence of growth-promoting 
substances at the soil-root interface depends chiefly on the synthetic abilities 
of micro-organisms. In the matter of essential amino-acids the evidence 
points to the root as the chief source. 

Attention was called some ten years ago to the increased proportions, in 
soil adjacent to plant roots, of bacteria whose requirements for maximum 
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growth are met by amino-acids. Since then the preferential stimulation of 
this group has been repeatedly observed. This phenomenon may be attri- 
buted to an increased free amino-acid supply at or near the root arising from 
sources of which three suggest themselves: (i) liberation from roots; (ii) 
synthesis by other micro-organisms; and (iii) decomposition of organic, 
nitrogenous cellular debris sloughed off from roots. Though nodulated 
leguminous plants are known to excrete appreciable amounts of amino-acids, 
this may be regarded as a special case, since it involves a symbiotic relation- 
ship with bacteria. With respect to non-legumes, little evidence was at hand 
until recently when it was shown that amino-acids could be detected in 
exudates which promoted growth of amino-acid-requiring bacteria. The 
ability of other bacteria in the rhizosphere, having very simple nutritional 
needs, to synthesize amino-acids has also been demonstrated. It was shown 
that culture filtrates of such organisms permitted growth of amino-acid- 
requiring bacteria to the extent that they contained the specific amino-acid 
or acids needed by them. As for the third possibility, amino-acids could 
conceivably be formed as decomposition products of sloughed-off root tissue; 
however, this factor is considered to be of minor significance since the 
“amino-acid effect” is observed with very young seedlings. The view that 
root excretions contribute chiefly to the supply of amino-acids in the rhizo- 
sphere has received strong support by recent evidence (necessarily circum- 
stantial, as much of it must be in such a situation). Comparisons of organ- 
isms from soil apart from the plant, rhizosphere soil (adhering to roots) and 
the root surface have shown progressively larger proportions of amino-acid- 
requiring bacteria as the root surface is approached. Since the effect of plant 
excretions on organisms requiring them might be expected to be most 
marked at the soil-root interface, where this group of organisms is subject 
to the most pronounced preferential stimulation, the findings point to the 
plant as the dominant factor. 

Population problems are pretty much the same, whether one is dealing 
with humans or micro-organisms. Thus associations and antagonisms are 
common in such a thickly populated and dynamic medium as the soil. 
Within the soil, as are above it, there seem to be “cold wars” and “thot wars,” 
and on the other hand “mutual assistance pacts.” In view of the much 
denser population it is not surprising that antagonistic and associative 
interactions are intensified at or near the roots. The evidence for a preferen- 
tial stimulation of antagonistic micro-organisms in the rhizosphere is con- 
flicting ; indeed it is difficult to visualize any preferential effect other than an 
indirect one, through chance association of antagonistic properties with 
nutritional characteristics. (As with humans, you reach a microbe’s heart 
through its stomach.) In this connection, some years ago when the race for 
new antibiotics was at its height, attempts were made to stimulate organisms 
antagonistic to specially selected bacteria, and so facilitate their isolation, by 
enriching soil with cultures of the latter (specially chosen victims). This in 
itself did not achieve much success as it implied a degree of consciousness 
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(one might almost say free will) on the part of the antagonist which even 
microbes do not possess. Normally, however, much greater total numbers of 
antagonistic types exist in the rhizosphere. 

Organisms dependent upon or stimulated by substances elaborated by 
others, such as amino-acids or vitamins, are more numerous in soil close 
to the root. Microbial growth-promoting substances in soil, and organisms 
requiring or producing them, have received less consideration than the 
subject of antagonisms; yet growth factors may be considered in the same 
category with antibiotics, inasmuch as they affect the growth of many 
micro-organisms at very low concentrations and may be produced by micro- 
bial synthesis. Consequently, growth factor effects could well be as important 
as antibiotic activity in affecting the microbial equilibrium. Actually, vita- 
mins are detectable in soil more readily than antibiotics, although the 
amounts determined by assay represent only the balance existing at any time 
between synthetic and destructive agencies. 

Comparisons recently made between soil, rhizosphere, and root surface 
bacterial populations have shown that as the root surface is approached the 
percentage incidence of organisms requiring growth-promoting substances de- 
creases (although absolute numbers may be greater). These findings point to 
circumstances different from those prevailing in the case of amino-acid- 
requiring organisms and cast doubt on root excretions’ being an important 
source of these growth factors. The case is strengthened by findings showing 
that, in contrast to organisms requiring growth factors, those able to syn- 
thesize such substances are proportionately increased with proximity to the 
root surface. In terms of absolute numbers the increases are very large 
indeed. These results furnish further evidence that the vitamins available in 
the root region, more generally assumed to be liberated by the plant, are 
chiefly products of microbial synthesis. If I seem to stress unduly evidence as 
to sources of microbial food supply, it is because such things seem basic to 
our understanding of interactions which may be related to mechanisms of 
infection by, and control of, soil-borne pathogens. 

It seems well established that micro-organisms which require or synthesize 
vitamins are not simply academically interesting rarities, but comprise 
important segments of the micropopulation. There are, therefore, grounds 
for believing that growth factors should be taken into account in any 
attempt to throw light on mutual interactions between micro-organisms in 
soil. This appears to be particularly relevant to our understanding of phe- 
nomena in the rhizosphere, where interactions between the plant, the normal 
soil microflora, and the soil-borne plant pathogen are at their most critical. 
It is felt that stimulative effects require equal emphasis with antagonisms in 
any study of mechanisms underlying infection and control as applied to root 
disease. 

The mechanisms of infection and control surely are related to a triangular 
problem. The interaction between the plant and the soil microflora is in 
itself sufficiently complicated, but the intervention of a third party, the root- 
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invading pathogen, intensifies enormously the difficulties of sorting out the 
interactions, which thereby increase threefold. The elucidation of mechan- 
isms involved calls for the combined efforts of plant physiologist, plant 
pathologist, and soil microbiologist. One might, for convenience, refer to 
some aspects of a problem which are themselves not really separable. 

The changed microbial balance in the rhizosphere may itself be subject 
to modification. Thus pathological conditions resulting in root lesioning 
increase the micropopulation by quantitative and qualitative changes in 
root exudations, and by providing decomposable dead tissue. On the other 
hand, soil amendments resulting in amelioration of disease may affect both 
the soil and the rhizosphere microflora, increasing the former and decreasing 
the latter and so narrowing the R/S ratio. There is also evidence pointing 
to a relationship between the balance of certain nutritional groups of 
bacteria and the incidence of disease factors in soil or the severity of patho- 
logical manifestations in certain root diseases. Negative or positive values 
were assigned to the percentage incidence of groups found to be associated 
respectively with increased or decreased severity of root rot; and the bac- 
terial equilibrium, with respect to the disease potential of the soil, was 
expressed on a numerical basis as the sum of these values and designated the 
“bacterial balance index.” When applied to studies of strawbery root rot and 
potato scab, relationships were apparent. Though a determination of the 
index of the bacterial balance throws little light on cause and effect, it does 
suggest that certain manifestations of disease find a reflection in the micro- 
biological equilibrium of soils to an extent which justifies further attention. 

More knowledge is needed of the nature of root excretions or exudates 
from the roots of our important crop plants. Many organic materials have 
indeed been reported, but whether many of them are of more than academic 
interest is uncertain. It seems established that amino-acids are important 
to the rhizosphere organisms and indeed to certain plant pathogens, but 
we still know too little about the compounds that may selectively 
stimulate or depress the normal microflora or pathogenic fungi or affect the 
virulence of the latter. That better elucidation of fungistatic factors in soil 
and of activating substances from roots which promote germination of 
dormant spores of various root-infecting fungi (as for example, Helmintho- 
Sporium sativum, pathogenic to wheat), seems to be required is indicated 
by current interest in the whole subject. There is some weight of evidence 
which suggests that vitamins may in some cases function as germination- 
activating substances; should this occur, vitamin-synthesizing micro- 
organisms, which attain such high numbers in the rhizosphere, may well be 
concerned, This is a stimulus normally attributed to the host root. That 
micro-organisms cannot be excluded as agents in promoting germination of 
dormant spores is suggested, albeit by analogy, by the fact that an amoeba 
excystment factor may be produced by certain bacterial species. 

Regarding plant-soil microflora interactions, our knowledge of the rhizo- 
sphere effect in its qualitative aspects is imperfect and restricted largely to 
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the bacteria. Less is known of the action of root exudates on actinomycetes and 
fungi, although what has been done, largely in this country and in Europe, 
provides evidence of a selective stimulation of fungi, characteristic of certain 
families of plants. Further work in this direction could be rewarding, not 
only as regards families or even species of plants, but as regards varieties in 
respect to disease resistance. Thus comparative studies of varieties of flax 
susceptible and resistant to wilt, and of varieties of tobacco susceptible and 
resistant to black root rot, showed that the susceptible varieties, though 
uninfected, exerted a more pronounced rhizosphere effect than the resistant 
as measured by quantitative and qualitative criteria. That in some cases 
resistance may depend directly on the nature of root excretions was shown 
in the case of flax where the resistant variety was able to liberate hydrocyanic 
acid in amounts sufficient to depress the root-invading Fusarium and at the 
same time stimulate the non-pathogenic, antagonistic Trichoderma. That 
the effect may be indirect is shown in the case of oat varieties susceptible and 
resistant respectively to the disease of manganese deficiency, where the 
susceptible variety stimulated development of manganese-oxidizing organ- 
isms about the roots. These converted manganese into a form unavailable to 
the plant even though the soil contained adequate amounts of this element. 

Less is known of the special effects of the rhizosphere micro-organisms 
on the plant, as distinct from effects attributable to soil micro-organisms as 
such in providing plants with assimilable food through processes of organic 
decomposition. Latterly, however, much attention has been given to a do- 
main where the microbiologist, if he is to interpret his findings in terms of 
the effect of microbial activity on the plant, must depend upon the plant 
physiologist. The reference is to the increasing number of substances found 
to be produced by micro-organisms, including not only antibiotics and 
vitamins, but auxins, plant hormones, and other metabolic products. How- 
ever, although their effects on growth, such as that induced by indole-3- 
acetic acid or gibberellic acid, has aroused much interest, the action of 
micro-organisms or their by-products in evoking changes in root excretion, 
as illustrated by recent work on the liberation of scopoletin, suggests a field 
worthy of more exploration. 

Our knowledge of the relationship between the normal rhizosphere micro- 
organisms and the parasitic fungi is all too fragmentary and based largely 
on the assumption that it is a one-way effect depending upon antagonism. 
Even antagonistic effects towards a given pathogen may conceivably be 
reduced in natural soil by antagonisms between antagonists, readily de- 
monstrable in vitro. Though the available evidence, to which workers at 
Edmonton have notably contributed, clearly shows that a degree of biologi- 
cal control exists in natural soil, not apparent where the pathogen is un- 
opposed by the normal microflora, it is at least conceivable that growth 
factors may be involved even in the phenomenon of antagonism, by stimu- 
lating an antagonist, or favouring a specific pathogen. But inoculation of 
seed or soil with antibiotic or vitamin-producing organisms, with the object 
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of controlling pathogenic forms, will still be attended with limited success 
until such empirical procedures can be replaced by those based on a better 
knowledge of the mechanisms to which I have referred. The microbiological 
equilibrium of soil is not easily upset and natural soil resists attempts to 
change its balance. 

It is suggested that our fund of basic knowledge should include a better 
understanding of the general nutritional and growth factor requirements of 
the rhizosphere micro-organisms and of root-invading fungi. Concerning the 
latter there is a certain amount of scattered information on their amino-acid 
and vitamin nutrition, though apparently little on their capacity for synthe- 
sizing growth-promoting substances. That nutritional research can make its 
contribution is shown by the work at the University of Alberta on the effect 
of amino-acids on the virulence of Helminthosporium sativum and by recent 
work in Switzerland on the requirements of Calonectria graminicola for 
biotin and thiamine, increased concentrations of which had opposite effects 
on the disease index as determined for wheat. 

Earlier in my remarks I suggested that the microbiologist and the plant 
pathologist find in the rhizosphere a region of common interest. Though the 
liaison is still not what it should be to get at “the root of the matter,” there 
are signs that it is strengthening. 
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The Origin and Speciation of Oncorhynchus 


FERRIS NEAVE, F.R.S.C. 


HE creation of a new species or a new genus of sexually reproducing 

animals, through the branching of an evolutionary line, requires that a 
portion of the original common stock become isolated, so that its interbreed- 
ing with the rest of the stock is prevented or greatly restricted. The kinds of 
barriers which seem to prevent interbreeding between existing species can 
(for purposes of the present account) be classified as: geographical, that is, 
separation by physical features; ecological, that is, separation by differences 
in habitat; temporal, that is, separation by time of breeding; and generative, 
that is, separation by differences in the behaviour associated with reproduc- 
tion, by nonconformity of generative organs, by incompatibility of gametes, 
or by differences in chromosomal mechanism. 

In considering how isolation is initiated, the advent of geographical 
barriers undoubtedly offers a satisfactory explanation of many instances of 
speciation (22; 19). Whether, or with what frequency, other mechanisms 
play this role has been much discussed. It has been shown, for example, that 
ecological divergence is often the result rather than the cause of speciation 
(19). Curiosity concerning the mechanism which originates and maintains 
separation between species is especially roused by instances in which two or 
more closely related species are found to occupy the same territory or even 
the same habitat. 

The genus Oncorhynchus (Pacific salmons) invites examination in the 
light of these remarks. It embraces six anadromous species, all closely related. 
To a remarkable extent these species do not occupy separate territories but 
coexist throughout an extensive geographical region. The genus itself is very 
closely allied to Salmo, from which it is commonly regarded as being derived 
(26; 23). Both these genera inhabit the same waters throughout much of 
the region to which Oncorhynchus is indigenous. Since neither the genus 
Oncorhynchus nor its constituent species have travelled far along the paths 
of evolutionary divergence, the possibilities of their origin can reasonably be 
sought in geologically recent times. 

First, however, the basis for some of the above statements on the relation- 
ships and distribution of Oncorhynchus can be examined briefly. 


DEGREE OF DIFFERENTIATION SHOWN BY THE GENUS Oncorhynchus 
AND Its SPECIES 
Oncorhynchus differs from Salmo in that the skeleton of the adult is less 
ossified. Many small differences exist, for example, in the shape of individual 
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bones of the skull, in the degree of dental development at corresponding 
stages of the life history, and in skeletal changes associated with the breeding 
conditions (23). The external character commonly used to diagnose the 
genus in taxonomic keys—the number of rays in the anal fin—is not an 
absolute criterion. The two genera are sufficiently similar that the initial 
diagnoses of acknowledged authorities have not always been sustained, for 
example, the relegation of the Pacific species of Salmo to Oncorhynchus by 
Regan (26) and the description of a freshwater form of Oncorhynchus as 
‘Salmo formosanus” by Jordan and Oshima (17). 

Ecologically the genera have much in common. For example, young 
Salmo gairdneri and Oncorhynchus kisutch occur together in many coastal 
streams, where they share various food supplies (including the fry of kisutch 
and other species of Pacific salmon). Recent investigations have shown that 
Salmo and Oncorhynchus also keep company over large ocean areas, where 
they have many food resources in common (15). 

In short, while no taxonomist has questioned recently the validity of the 
genus Oncorhynchus, it is certainly closely allied morphologically to Salmo 
and is not well differentiated from the latter in its ecological characteristics, 

Turning from the generic to the specific level, very similar remarks are 
appropriate regarding the degree of differentiation which is shown by the 
six anadromous species of Oncorhynchus. These species are: O. masou 
Brevoort; O. kisutch Walbaum; O. tshawytscha Walbaum; O. nerka Wal- 
baum; O. keta Walbaum; and O. gorbuscha Walbaum. 

The characters used in practice for distinguishing these species are mainly: 
the number and relative length of the gill rakers; the number of scales; the 
number of fin rays; the number of pyloric coeca; and the colour pattern. 
Although there is some degree of overlapping among species in the numeri- 
cal range of all the meristic characters commonly employed, it is nearly 
always possible to identify even single immature specimens with a satisfac- 
tory degree of certainty. At the same time, the species are evidently closely 
related and frequently require careful examination for taxonomic separation. 
Milne (23), speaking of the species which occur in North America, says: 
‘The Pacific salmon have probably diverged [from a steelhead trout an- 
cestor] into five biologically distinct species in such recent times that they 
are probably best handled systematically as a species-group.” They conform 
to the definition of Diver (4): “Two or more such species may reasonably 
be said to be closely related when they are morphologically so similar as to 
make the allocation of a particular specimen to one species or the other 
difficult except for an expert; and when there are no grounds for supposing 
that this close similarity is due to convergence rather than to recent 
divergence.” 

The physiological and ecological differences among the species appear to 
be even less sharp than the morphological distinctions. The preferred tem- 
perature for young Oncorhynchus in fresh water is 12° C to 14° C for all 
the species common to Asiatic and American waters. The lethal temperature 
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was found to vary only from 23.8° to 25.1° (3). In the ocean the preferred 
temperatures are somewhat lower but again appear to be very similar. 
Catches of nerka, gorbuscha, keta, and kisutch on the high seas of the North 
Pacific have in each case been associated with temperatures ranging from 
5° C to 15° C. Probably O. masou, which is confined to the Asiatic side of 
the Pacific, prefers or tolerates slightly warmer water than the other species, 
at least when in streams or lakes. However, it occurs with other Oncorhyn- 
chus in many watersheds and in the ocean is caught in large numbers in 
company with O. gorbuscha. Salinity does not seem to effect any segregation 
of species within the known ocean range of Oncorhynchus. On the other 
hand, some species (gorbuscha, keta, and some tshawytscha) become 
physiologically capable of living in strongly saline water at an earlier stage 
of development than do most individuals of other species (12; 2). 

In respect to the selection of spawning grounds, it is well known that 
certain areas or types of habitat are frequently occupied only or mainly by 
a single species. O. kisutch penetrates the upper portions of many small 
streams and tributaries; tshawytscha typically seeks large streams and lays its 
eggs in places where the water is relatively deep; nerka spawns in the 
tributaries or outlets of lakes or along the shorelines of the latter; keta tends 
to avoid passage over pronounced waterfalls and hence is often restricted to 
the lower portions of watercourses; and gorbuscha often exhibits a pre- 
ference for streams of relatively low gradient and fine gravel. Differences in 
the timing of the spawning period are frequently apparent. Nevertheless, 
these differences, although sometimes well defined in individual streams, are 
very far from providing clear-cut general distinctions. Each species at times 
can be found breeding in company with one or more of the other species. 

Similar overlapping is evident in feeding habits. Although average quanti- 
tative differences in the kinds of food consumed can be demonstrated, the 
degree of divergent specialization is not very great. Thus, the “micropha- 
gous’ nerka and gorbuscha will also eat fish and squid (6; 15); the “car- 
nivorous” kisutch and tshawytscha often feed extensively on euphausians 
(25). 

The development of a degree of infertility between diverging stocks 
(making hybrids less successful than either parental population) has some- 
times been thought to be an important factor in the process of speciation. 
Inability to produce fertile hybrids has been regarded by some as a criterion 
of the attainment of the status of a species. We shall return to this subject 
in a later section. However, it may be noted here that at least most of the 
species of Oncorhynchus show a high degree of interfertility. Foerster (11) 
obtained a high survival of healthy hybrids from most of the reciprocal 
crossings which he made. 


PRESENT GEOGRAPHICAL DISTRIBUTION 


One species of Oncorhynchus (O. masou) is found only on the western 
side of the North Pacific and, as an anadromous fish, is confined mainly to 
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the Japanese area and adjacent portions of the Asiatic coast. In a land- 
locked form it inhabits some of the lakes and streams of Formosa. The other 
five species occur throughout the North Pacific region, including the Bering 
Sea. O. keta and O. gorbuscha are also found sparingly in the Polar Sea, 
being reported from as far west as the mouth of the Lena and from as far 
east as the Mackenzie River (30). Except for masou, however, the species 
are sympatric to a remarkable degree, each having its main centres of 
abundance within the range occupied by all the other species. As already 
mentioned, common occupancy applies not only to geographic territory but 
also very frequently to individual streams and spawning areas. On the high 
seas the species mingle so closely that in drift-net fishing five species are fre- 
quently taken in a single “lift.” 


PRESENT KINDS OF ISOLATION 


Although the very considerable extent to which the species occupy the 
same territories and habitats has been emphasized above, several kinds or 
degrees of isolation can be observed at the present time. 

The celebrated tendency of Pacific salmon to spawn in the streams in 
which they originated imposes a degree of isolation on the population of 
every watershed, or even of the separate tributaries of large rivers. Certain 
statistical differences have been found between many populations. These 
differences, however, are slight. Some degree of “wandering” is frequently 
observed, even in the course of observations which extend over a few years 
only. From the evolutionary viewpoint “homing,” in itself, is not a plausible 
explanation of speciation. It is obvious that the existing species have been 
able to spread over very extensive areas without undergoing marked evolu- 
tionary changes. If, however, geographical changes were to lengthen the 
distances between breeding populations, homing would undoubtedly increase 
the effectiveness of such barriers. 

At the present time isolation can be seen in some completely freshwater 
populations of O. nerka. In certain instances these populations inhabit lakes 
which are not visited by anadromous nerka. In other cases anadromous fish 
are present but breed at a different time. Examples of both of these situations 
are listed by Ricker (27). Similar isolated freshwater populations of 
O. masou occur in Japan and Formosa. 

The development of new species of Oncorhynchus through isolation in 
fresh water can be regarded as an evolutionary possibility, although no exist- 
ing “‘land-locked” populations in North America are considered to have 
approached as yet the status of a distinct species. In Japan, several forms of 
wholly freshwater Oncorhynchus have been described as species (16), 
although the true taxonomic status of these appears to be doubtful. In any 
case, however, the main trend in the evolution of the dominant existing 
forms has been towards greater adaptation to marine life (23). This trend 
has involved the development, at an increasingly early stage of the life his- 
tory, of an osmotic regulatory mechanism permitting the young fish to 
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tolerate salt water and also the development of a correspondingly early 
migration to the latter medium. Such evolutionary changes would not result 
from isolation in fresh water. 

A peculiar and very complete form of isolation is exhibited by O. gor- 
buscha. This species invariably, or almost invariably, matures and dies at an 
age of two years. Therefore fish maturing in “odd” years are segregated in 
their reproduction from the populations belonging to the “even-year”’ series. 
How or when this situation arose is not known. Differences between the two 
“lines,” however, have not hitherto been considered to be of even subspecific 
value. Presumably the rigidity of the life span and the segregation into even- 
year and odd-year lines are recent developments in the evolution of O. gor- 
buscha. All the other species of Oncorhynchus show variability in the age 
at which they mature. Some of their males reproduce at the same age as 
gorbuscha. This kind of isolation cannot have been operative in initiating 
the evolution of the existing species. 

In summary, the kinds or degrees of isolation which exist at the present 
time are not adequate to produce the speciation which has occurred. 


Time Periops REQUIRED FOR EVOLUTION 


In considering isolating mechanisms which may have existed in former 
times, it is desirable to form an opinion regarding the period during which 
such mechanisms can legitimately be sought. 

Recent investigators consider that the development of a new species of 
higher animal is a long-drawn-out process. “Genetic analysis of species- 
crosses show that in most cases the differences are not such as could have 
arisen at one step. . . . the occurrence of single mutations can be of little 
importance in speciation in general. For the significant factors we must look 
to statistical processes which can carry certain genes to fixation or hold them 
at certain constant frequencies in the population” (31). 

A few taxonomists have implied that new species must have arisen within 
the period which has elapsed since the most recent Ice Age (about 10,000 
to 20,000 years). The many forms of British Salvelinus and Coregonus 
which have been accorded specific status, especially by Regan, have pre- 
sumably been isolated from each other only during a period subsequent to 
the general glaciation of the region. Djakonov (5) speaks of closely related 
species of echinoderms occupying the North Atlantic and North Pacific 
regions respectively. He considers that the separation of the stocks took 
place not more than some 5,000 years ago. Against these views it may be said 
that many present-day taxonomists do not regard the aforementioned forms of 
Salvelinus and Coregonus as valid species. Regarding the echinoderms, 
Djakonov himself admits the existence of a much earlier faunal connection 
(and ensuing disconnection) between the North Atlantic and the North 
Pacific. 

On the other hand, there is a large body of opinion which holds that the 
evolution of a distinct species requires a far longer period. Ekman (7) says 
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flatly: ‘“The post-glacial period was, without any doubt, too short to allow 
the development of new species.” Zeuner (32) says: ““There appears to be a 
fastest rate of evolution of species of the animal kingdom under natural 
conditions, namely about 500,000 years per species-step.”” Also, “In evolu- 
tion the number of generations appears to be less significant than the 
absolute time. . . . No instance is yet known of a species developing at a 
faster rate than that found in the elephants (about 500,000 years). Simp- 
son (28) says: “The evolution of a species, fully distinct genetically and 
morphologically, seems usually to require 50,000 years [sic] or more in nature 
and even in groups with fairly rapid evolutionary rates, such as mammals, 
some living species are about 1,000,000 years old.” According to Mayr (22), 
“The origin of a new species of higher animals in a human life span is 
impossible; in fact it may require a minimum of about one-half million 
years, and normally even considerably more than that.” 


ORIGIN OF THE GENUS ONCORHYNCHUS 


In attempting to apply generalizations such as the foregoing to the par- 
ticular case of Oncorhynchus the following conclusions seem reasonable: 
(1) Speciation in a group which has shown the plasticity and tendency to 
local differentiation of Salmo-Oncorhynchus may well have been a more 
rapid process than in many other evolutionary lines. (2) Nevertheless, the 
processes which resulted in the differentiation of at least six widely ranging 
species, from a common ancestor, probably began at a time which antedates 
the present by many scores of thousands of years. (3) The establishment of 
a genus takes longer than the establishment of a species. The separation 
of Salmo and Oncorhynchus must have taken place before the branching of 
the latter. However, on the generic level, the differences are not great and 
could presumably have been attained more quickly than those of many other 
groups which have been accorded the same nomenclatural status. 

These considerations, together with the fact that the geographical dis- 
tribution of the genus is relatively restricted (as compared with Salmo and 
Salvelinus), make it entirely reasonable to suppose that all or much of the 
differentiation and speciation of Oncorhynchus has taken place during the 
Pleistocene epoch. This period has frequently been regarded as comprising 
about the last 1,000,000 years (18; 10), although some recent estimates, 
utilizing new dating techniques, have tended to shorten this to about 600,000 
years (8). 

The view that the spread and diversification of Oncorhynchus took place 
within the Pleistocene receives strong support from another source. At and 
just before the beginning of this epoch (that is, during the late Pliocene and 
early Pleistocene ) , there was “a fairly comprehensive faunistic connection . . . 
between the cold-temperate faunas of the Atlantic and Pacific’ across the 
present Arctic region (7). Djakonov (5) says: “The palaeontological dis- 
coveries confirming the connections of both oceans in the Pliocene are well 
known and require no further proofs.” 
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The “faunistic connection” permitted many temperate-zone, bottom- 
dwelling molluscs, some of which are not now found north of the Bering 
Sea, to spread from the Pacific to the Atlantic. It is hard to believe that 
under these conditions the genus Oncorhynchus, which even at the present 
time is able to exist along some 3,000 miles of arctic coastline, would not 
have reached the North Atlantic, by either the eastward or the westward 
route. If it did reach the Atlantic it is equally difficult to understand why it 
did not survive there. The physical conditions which have permitted the 
continued existence of Salmo and Salvelinus in the North Atlantic region 
would almost certainly have suited Oncorhynchus. The latter has shown 
itself to be highly successful in cold-temperate streams in competition with 
these same genera and in the ocean it ranges over great distances. In its 
occupancy of the epipelagic waters outside as well as within the limits of the 
continental shelves, Oncorhynchus seems to have few enemies or competitors 
in the latitudes which it frequents mainly. 

It may be objected that, even if Oncorhynchus did not exist in the North 
Pacific before Pleistocene times, it should have been able to break out during 
inter-glacial periods of the Pleistocene. We must admit the near certainty of 
its presence in the North Pacific before one or more of these interludes. How- 
ever, in marked contrast with the abundant evidence of Pliocene faunal 
intercommunication, “very little is known of possible inter-glacial com- 
munications between the North Pacific and North Atlantic” (7). It is, of 
course, well known that communications were entirely severed during parts 
of the Pleistocene by the Bering land-bridge. It is widely accepted, however, 
that this barrier was broken during the rises in water level which marked the 
inter-glacial periods (for example, 30; 20; 21). To this writer the circura- 
scribed distribution of Oncorhynchus makes it very reasonable to suppose 
that throughout the available inter-glacial intervals the physical conditions 
of the Polar Sea did not become much more favourable than they are at 
present or, alternatively, that land barriers were more effective. Regarding 
the former possibility a recent opinion can be cited, namely, that the Arctic 
Ocean was closed by an ice cover during the inter-glacial periods and that 
“for the last few thousand years, temperatures have remained about as high 
as the maximum value that was reached during all Pleistocene inter-glacial 
stages” (9). 

We conclude from the above evidence that Oncorhynchus was not present 
in the Bering Sea region before Pleistocene times. On the other hand, our 
conceptions at present of the period necessary for the evolution of a new 
genus (plus the amount of speciation shown in the present instance) suggest 
that the initial separation of the stocks of Oncorhynchus and Salmo occurred 
not later than the early Pleistocene. We can therefore look for opportunities 
for isolation at this period. 

The Pacific coastline of North America east and south of the Aleutians, 
with its narrow continental shelf, has not changed much within the period 
under discussion. The advent of ice during glacial periods undoubtedly 
created a broad interruption of the continuity of breeding populations in- 
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habiting the coasts of the northeast Pacific (vide infra). The isolation of 
southeastern stocks, however, does not seem to have had the effect of con- 
verting them into Oncorhynchus. On the contrary, anadromous Salmo is 
today relatively more numerous vis-a-vis Oncorhynchus in this region than 
in any other. The many relict or “land-locked” populations of Salmo in lakes 
and headwaters as far south as tropical Mexico point to long-continued 
occupancy by this genus. Oncorhynchus in this sector of its range is not 
known as a land-locked form and may reasonably be regarded as a more 
recent arrival. 

The Asiatic coastal regions of the North Pacific, on the other hand, are 
characterized by great gulfs, peninsulas, island chains, and shallow-water 
areas disposed in such a way that small changes in the relative levels of land 
and water have greatly changed the position and configuration of the coast- 
line. Physiographical barriers to the spread of faunas and populations have 
appeared and disappeared. Lindberg (20; 21) has stressed particularly the 
series of profound changes which have affected the region of the present 
Sea of Japan. He recognizes three separate periods in which elevation of the 
land, relative to the sea, resulted in the complete enclosure of a vast shallow- 
water area. Following each of these periods the sea rose and broke into the 
area, permitting influx and efflux of populations. Lindberg considers that 
the first of these periods of land elevation was prior to the Pleistocene and 
says that in this instance the enclosed water was fresh. The two later recur- 
rences were within the Pleistocene. Of these he says that the earlier resulted 
in a shallow salt-water sea which may have become brackish at a later stage. 
He adds that “During this stage and in this body of water, we must suppose, 
there began the brisk evolution of the endemic marine and brackish water 
fauna of Japan.” According to the same author the cycle of transgression 
and regression of the sea was repeated at a later period in the Pleistocene. 
The enclosure of such a great area, situated in an appropriate geographical 
region and associated with climatic changes, might surely provide oppor- 
tunity for the isolation and evolution of a stock of salmonids of anadromous 
or incipient anadromous habits. 

It is perhaps highly significant that this is the only coastal area of the 
world, in this latitude, where Salmo is not present today either as an an- 
adromous fish or as relict colonies in fresh water. Since the genus occurs 
immediately north of the region under discussion (in the Okhotsk-Kamchatka 
coastal areas) and, of course, elsewhere in the North Pacific, it is hard to 
believe that Salmo never reached Japan or adjacent areas of the Asiatic 
coast. It can be suggested, rather, that the genus did reach the region and 
that it there became transformed into Oncorhynchus. The presence of relict 
populations of Oncorhynchus in the fresh waters of Japan and Formosa, 
while not necessarily indicative of great geological antiquity, at least points 
to longer establishment of the genus than in the same latitudes on the North 
American side where, as already pointed out, the corresponding habitats are 
occupied by Salmo. 

It may also be noted that O. masou, the species characteristic of the Japa- 





34 THE ROYAL SOCIETY OF CANADA 


nese region today, is most closely related to Salmo of all existing species of 
Oncorhynchus (26; while Regan’s opinion was presumably based on 
anatomical similarities, the following ecological or physiological features of 
O. masou can also be regarded as unspecialized or primitive: it is piscivor- 
ous; lives both in streams and lakes; is also anadromous, but is not far- 
ranging in its marine habitat; some males, maturing in fresh water, are said 
to survive after spawning). 

In broad outline, the course of the relationships between Salmo and 
Oncorhynchus is envisaged thus: Salmo reached the North Pacific via North 
America. In one of the farthest regions to which it penetrated, a large stock 
became isolated geographically and diverged markedly from the populations 
which continued to inhabit other coastal regions of the North Pacific. In 
due course the newly evolved offshoot spread back through territories 
occupied by more conservative lines of the ancestral stock. This process of 
re-invasion was facilitated by increased adaptation to ocean life and was 
accompanied or followed by a further splitting up into several species. 


SPECIATION OF Oncorhynchus 


The encroachment of the sea on the enclosed waters of the Japanese 
region presumably coincided with one of the early inter-glacial periods of 
the Pleistocene and opened up the Pacific Ocean to whatever stock had 
developed behind the land barrier. It is not necessary to suppose that such 
a stock would have achieved by that time the status of a new genus, but it 
might well have established a degree of distinctness sufficient to permit con- 
tinued divergence when brought into contact with other populations of 
Salmo. Following this presumed broad extension of range, opportunities for 
further partition of the stock undoubtedly occurred. 

Reference has already been made to Lindberg’s firm conclusion that the 
Sea of Japan was again isolated and again drowned at a period some time 
later than that which he regards as the most potent producer of new evolu- 
tionary forms. A further subdivision of the oncorhynchoid stock could there- 
fore have taken place in the area which we have suggested as the most 
probably starting place of the Pacific salmon offshoot. In view of the primi- 
tive character of O. masou, however, it seems likely that the development 
of the more specialized forms took place mainly in other areas. The elevation 
and submergence of land in the regions now occupied by the Sea of Okhotsk 
and the Bering Sea paralleled that which has been described for the Sea of 
Japan. In both of them the presence of wholly or partly enclosed bodies of 
water at similar time periods has been accepted or suspected (20; 21). These 
may have provided the isolation necessary for the initiation of one or more 
lines of speciation. (The possibility that one of them could have provided the 
actual starting place for Oncorhynchus does not appeal to the present writer 
because of the distribution at present of Salmo and Oncorhynchus.) An- 
other isolating factor, however, can be suspected of contributing to the 
development of incipient new species. 
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During each of the glacial periods an ice sheet, with its centre in British 
Columbia and southern Alaska, covered a large portion of the North 
American coastal area. At the maximum development of the ice sheets, all 
coastal lands from the Columbia River to the base of the Aleutians were 
completely buried under ice (10). Under such conditions any Oncorhynchus 
stocks which were present on the Oregon-California coast would have been 
effectively prevented from interbreeding with other populations, even if we 
assume that such areas as the Bering Sea and Okhotsk Sea were inhabitable. 

In general, the periods of land emergence corresponded with periods of 
heavy glaciation. The ocean regressions which produced the enclosed waters 
of the Asiatic coast and dried a large part of the Bering Sea presumably 
coincided with the obliteration of part of the North American coastline by a 
heavy ice cover. While Lindberg, however, recognizes only two major land 
emergences and submergences within the Pleistocene epoch, geologists accept 
the occurrence of four separate major glaciations of fairly equal extent in 
the northern hemisphere. There seems to be direct evidence of at least three 
of these in the British Columbia coastal area (1). 

Without further evidence, or further analysis, it would be idle to speculate 
on the sequence of events which has led to each of the existing species. 
Assuming, however, that Oncorhynchus diverged from Salmo at or near the 
beginning of the Pleistocene, the subsequent repeated appearance and dis- 
appearance of land and ice barriers in the North Pacific would seem to have 
created favourable conditions for rapid development of a series of divergent 
forms and for rapid dispersal of the latter. 


MAINTENANCE OF SEPARATION 

The several periods of geographical isolation which have been postulated 
are each of the order of 50,000 to 150,000 years’ duration. It is not necessary 
to conclude that species became fully differentiated within these periods. 
Whether they did or not, however, the diverging populations must have 
achieved a degree of “separateness” which would enable them to resist 
merging after geographical barriers were removed. 

The process of speciation has frequently been regarded as entailing the 
development of a degree of sterility between the diverging populations. 
According to Mayr (22) the following events take place in an isolated popu- 
lation which is in process of evolution into a new species: 


A. Genetic changes owing to mutation, recombination, and random 
fixation, strongly influenced and directed by selective pressure. 
As a consequence of A. 
B. (1) The development of reproductive isolating mechanisms 
(2) Ecological divergence 
(3) Sufficient genetic change to make hybrids between parental 
and incipient species inferior in competition with either parental 
population. 
. the development of B(1), B(2) and B(3) must occur while the 
respective populations are still in the stage of incipient species. 
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Lack (19) lists “partial inter-sterility and partial ecological divergence” 
as being associated with the process of speciation. 

While it can be accepted that continued evolutionary divergence must at 
some stage lead to gametic incompatibility, it does not seem at all necessary 
to assume that sterility (either total or partial) has any special relationship 
to attaining the status of a species. Moore (24) reported that crosses between 
northern and southern populations of a single species of frog (Rana pipiens) 
form very defective hybrids, although the same species shows complete 
interfertility with several other species of Rana. Carl L. Hubbs (13), from 
his experience with many species of freshwater fishes, says: “Degree of 
fertility is positively correlated with degree of relationship, but only in a 
rough way.” Also, “It is to be expected that bonds of intergradation may be 
continuously retained by some forms which have undergone an amount of 
differentiation that would ordinarily accompany complete speciation; or that 
two forms long separated and well differentiated may retain potential inter- 
fertility, so that they will again intergrade and become subspecies when their 
ranges come to overlap.” This last statement, like the previous quotations 
from Mayr and Lack, seems to imply that when two divergent populations 
are brought into contact with each other, mating is, or can be, at random. 
If a high degree of interfertility has persisted, a merging of stocks can take 
place. If the degree of interfertility has been impaired, natural selection will 
operate to eliminate hybrids. 

Such interactions, while no doubt occurring between some populations, 
are not characteristic of the relationship between the species of Oncorhyn- 
chus. In this genus, as already pointed out, opportunities for interspecific 
hybridization are numerous and a high degree of fertility has been shown for 
various crosses. Even if it be true that the hybrids are at a disadvantage 
under the action of natural selection, they would certainly be produced in 
large numbers if random mating were general. For example, many thou- 
sands of breeding gorbuscha and keta are frequently concentrated together 
as closely as the spawning fish will tolerate. Nevertheless, natural hybrids 
between any of the species of Oncorhynchus are extremely rare. In mixed 
concentrations of spawning fish pairings take place exclusively, or nearly so, 
between individuals of the same species. In other words, the fish recognize 
and breed with their own kind and the degree of interfertility between 
different kinds does not enter into the matter. 

In this connection it is especially to be noted that the various species of 
Oncorhynchus (which during most of their life span resemble each other so 
closely as to invite frequent confusion) all assume distinctive and conspicu- 
ous features of colour, and often of shape, at the time of breeding. This 
exemplifies Tinbergen’s (29) generalization that in closely related species 
“there is always some striking difference between mating patterns, at least 
if spatial (geographical or ecological) or temporal (differences in breeding 
season) separation does not render this unnecessary.” 

Tinbergen, however, sees the development of distinctive colour patterns 
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and so forth as a sequel to the loss of a degree of interfertility. “Mating 
between different species therefore often results in fertilized eggs which are 
unable to live . . . in less serious cases the hybrids may live but are less vital, 
or infertile. This premium on intraspecific mating has led to the development 
of differences between the mating patterns of different species, so that each 
individual can easily ‘recognize’ its own species” (29, p. 23). 

This view clearly implies that the recognition characters have evolved 
by natural selection while the two species are in contact with each other. If, 
however, two closely allied forms are to maintain their separate identities 
while occupying the same territory, the critical time will be when they first 
come together, that is, when divergence (morphological, gametic, ecological, 
or behavioural) is at a minimum and the advantages of separation are also 
minimal. To begin only at this point to evolve a mechanism to stay separate 
would be ineffective. Natural selection can be expected to produce changes 
only in proportion to the survival advantages which such changes confer. 
The existing evidence indicates that the survival advantages of non-crossing 
of species of Oncorhynchus are small. Yet the mating patterns apparently 
impose a segregation which is almost absolute. 

The opinion presented here is that a mechanism for preventing extensive 
interbreeding must have been evolved before the species (or incipient 
species) came together. The different mating patterns of very closely allied 
species inhabiting the same territory are not looked on as an outgrowth of 
coexistence. Rather, it is because they already possessed such differences 
that these close relatives have been able to maintain their separate identities. 
A precisely similar view has been expressed recently by Hubbs and Strawn 
(14): “Apparently mate selection is a major isolating factor in darters.” 
It may be supposed that the original advantages conferred by distinctive 
breeding dress lay in the advertisement of the sex and state of maturity of 
individuals, thus facilitating the finding or selecting of mates or stimulating 
the mating act. This seems to be supported by the conspicuous sexual 
differences in the breeding dress. If the “purpose” of distinctive patterns is 
to distinguish between species or populations rather than between sexes, a 
single pattern for both males and females would be sufficient and would 
presumably be a simpler evolutionary attainment. 

It is inferred, therefore, that the essential step in the initiation of the 
existing species of Oncorhynchus was the development of a distinctive ap- 
pearance, at the time of breeding, by geographicaily isolated populations. 
This, indeed, appears to be still a main factor in maintaining isolation. 

Although obviously unsatisfactory as general taxonomic criteria, the 
breeding colour patterns (and associated body proportions) come nearer to 
providing an absolute distinction between the species of Oncorhynchus than 
the morphological characteristics to which prominence is given in systematic 
keys. While morphological differences are sometimes regarded as more 
“fundamental” than colour differences, they may owe their origin to the 
prior appearance of the latter. 
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The time periods which we have allotted for the establishment of the 
genus Oncorhynchus and its various existing species appear to be rather 
shorter than those which contemporary opinion is inclined to regard as 
normal for such evolutionary steps, although reliable information in this 
field is still so scanty that firmly based conclusions are not possible. As 
envisaged here, Oncorhynchus became geographically isolated from Salmo 
between half a million and one million years ago. Some of the existing species 
would have a total evolutionary history of half this time or less. The actual 
periods of geographical isolation would have been much less. Certain con- 
siderations make it seem possible that Oncorhynchus could have evolved at 
a relatively fast rate. If, as we are led to think, the chief factor in maintaining 
reproductive isolation has been the possession of distinctive breeding dress, 
we can readily believe that recognizable changes in colour patterns need not 
have involved very complicated genetic changes and might therefore have 
been accomplished within the few thousand generations for which geo- 
graphical separation probably persisted. Further, provided interbreeding 
can be avoided, the process of differentiation may be greatly speeded by 
contact between closely similar forms. Lack (19) has emphasized the im- 
portance of contact and the resulting competition in stimulating ecological 
divergence. The geographical intermingling which is shown by existing 
species of Oncorhynchus, and which we believe has occurred at intervals 
during their evolution, could have provided this stimulus in a high degree. 

The existing situation (many species occupying a common geographical 
area and showing only a relatively slight degree of ecological divergence) is 
probably quite transitory in evolutionary terms. It could be expected that 
competition would either rapidly eliminate certain species or stimulate more 
pronounced ecological specialization—or both—and that relatively slight 
changes in climate might markedly affect the existing balance between 
species. It cannot be overlooked, however, that the Pleistocene epoch which 
produced the Pacific salmon also produced the unpacific predator whose 
ability to alter environments may play a part in determining the future 
course of events for Oncorhynchus. 
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INTRODUCTION 


NAKAWANA, on the Abitibi River in Northern Ontario, is a mine 
() site now completely abandoned. On the basis of geological exploration 
it seems that it provided a good location for the establishment of a lignite 
production centre. The project, for economic reasons, has been discarded 
and during a recent visit to the site the writer and an associate (Dr. G. E. 
Rouse, University of British Columbia) were not able to see any exposures of 
lignite. However, during a visit made some years earlier, lignite was not only 
discernible, but was seen exposed in some depth (approximately twenty 
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feet) as an open coal face (Fig. 1). Samples of the lignite were removed and 
are in the palaeobotanical research collection at McMaster University. 

The geological! age of the lignites was determined as Cretaceous by 
Dr. W. A. Bell, large'y on the basis of palaeobotanical deduction, from 
plants associated with, but not of, the beds. The preliminary investigations 
of the writer, which began in 1941 and which were subsequently interrupted 
for nearly ten years, disclosed evidence of the existence of a more extensive 
range of botanical material than had been available heretofore (4). Some 
of the fossil fragments and microfossils were thought to be perhaps pre- 
Cretaceous (but Mesozoic). Others suggested the possibility of age repre- 
sentation younger than the Cretaceous, Therefore, presence of the larger 
assemblage of material did not clearly confirm the age as Cretaceous, nor 
did it conclusively establish any new relationship. The writer took a tentative 
view that the evidence was predominantly in favour of Upper Jurrasic or 
Lower Cretaceous. 

The preliminary study served to encourage further analysis that would 
lead to clear botanical as well as geological interpretation. However, it 
seemed clear that the primary contribution to this end would be from 
microfossil determinations which could be compared with equivalent results 
derived from known Cretaceous beds elsewhere in Canada. This work was 
commenced in 1953 in a programme directed by the writer. A major con- 
tribution to this work has been made by Rouse and some of the results have 
been disclosed in his doctoral thesis (5). Geological interpretation (5, p. 28) 
suggests Lower Cretaceous as the age of the Onakawana lignites. This may 
still not be conclusive, but it may be more significant than former determina- 
tions in that while it confirms the preliminary results, it is also based on 
material from new sources within the Onakawana lignite field. 

In addition to the preceding account, a background condition of the 
present study arises from sedimentary question. The structure of the upper 
portion of the exposed coal face at the Onakawana site seemed less con- 
solidated than the lower portion. Perhaps this apparent difference was a 
function of chemical and physical change occurring after the coal had been 
deposited. On the other hand, it might have been subile evidence of re- 
working due to recent glacial activity. If the latter obtained, palaeobotanical 
evidence relative to age relations would be unreliable or at best would 
encourage uncertainty particularly when preliminary study had shown the 
presence of botanical constituents, for example, coniferous pollen (4) that 
might be Pleistocene (or Cenozoic). From this aspect it appeared to the 
writer that of the bulk of the exposure, largely made up of woody compo- 
nents, some might be relatively modern. Also, if relatively modern and 
ancient were intermixed, one might look for a broad differential in appear- 
ance due to difference in the history of preservation. 

Finally, because of conditions that fossilization may impose, it was not 
known whether the large woody components would yield, on analysis, any 
information of value. The writer reports in this investigation with this as 
the fundamental and primary question. 
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DESCRIPTION OF GROSS SPECIMENS 


Superficial examination of the exposure revealed two major structural 
categories of lignite. One was coarse-granular with components usually 
angular and ranging in size from sub-microscopic to the order of 3 cm. in 
diameter. This was referred to as “earthy lignite’ not because it contained 
varying concentrations of mineral matter but because it was granular, and 
thus soil-like in construction. The other category consisted of interlacing 
segments of logs, branches and, occasionally, twigs. This was designated 
“woody lignite.” 

A large number of so-called woody fragments was selected from the 
exposure for superficial study to ascertain the approximate range of an- 
atomical variation. From this total, a few representative examples were 
selected for more detailed investigation. 

There were two striking features of gross character. One was due to the 
effect of compression. In this case, twigs, branches, and log segments were 
considerably flattened. In cross-section they were elliptic and therefore one 
transverse axis was much shorter than the other. Usually if this feature 
arose it was characteristic for the entire length of the axis. Sometimes, often 
in discrete areas of the exposed face, segments of all sizes were foreshortened 
with respect to their long axes as if they had been compressed while lying 
with their long axes at an angle to the direction of compressional force. If 
originally the axis had been twisted perhaps as a result of irregular growth, 
the foreshortening effect in fossilization produced a compound result. Twist- 
ing and shear in these examples was such that it produced a kind of fossil 
that was markedly different in appearance from those for which the plane 
of compression had paralleled the long axis. 

A major colour difference was also evident. The longitudinally flattened 
segments were predominantly black when first exposed. The foreshortened 
type, on the other hand, were chocolate brown and many were of a much 
lighter brown than others. 

In both kinds of fossil segments wood grain could be readily appreciated 
with the naked eye. The flattened pieces were straight-grained and tended 
to split with the grain within a few hours after they had been exposed. The 
others presented a much twisted grain, seemed harder, and did not split, 
nor did they deteriorate so rapidly. When these ultimately weathered, they 
fragmented into sub-rhomboidal pieces which became progressively smaller 
with time. 

Occasionally, associated with woody fragments generally, a fossil occurred 
that was quite easy to detect because of its peculiar gross structure. It 
appeared as a linear unit resembling a coarse bristle with rough surfaces 
(Fig. 3). Sometimes these fossils were single and separate, but often they 
were in groups, closely applied and even anastomosing (Fig. 3). They were 
amber in colour, thus contrasting with the “wood” in with which they were 
embedded. One example (Fig. 2) of lignite showed a solid mass of “bristles,” 
roughly ellipsoid in shape. The bristles were unequal in thickness, often fore- 
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Figure 3 


shortened and tortuous. Sometimes they were swollen to a cross-sectional 
diameter three or four times the average width of the main bristle. They 
were hard enough to resist moderate mechanical pressure, but when forcibly 
bent proved to be brittle, breaking transversely into solid pieces. 

Since this lignitic component when in situ seemed so characteristically 
associated with woody material, it was thought that it would most appro- 
priately be investigated as an aspect of the present work. 
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ANATOMICAL ANALYSIS 


On a microscopic basis considerable range was discernible in response to 
fossilization. In some instances anatomical details were obliterated or so 
badly displaced as to render interpretation impossible. In other cases, though 
organization was in evidence, it was difficult to derive enough information 
to afford diagnosis on an adequate basis (cf. Fig. 4). 

Following preliminary examination of about three dozen specimens in 
which various states of preservation were encountered, it was concluded that, 
in the main, three assemblages of anatomical character prevailed in the col- 
lection. One assemblage was represented completely in a piece of compressed 
wood (part of a flattened segment of a trunk or branch) about 20 * 10 * 30 
cm. in size. Another seemed best typified by a compressed fragment of twig 
about 1.5 X 1 X .5 cm. in size. The third assemblage relates to detailed 
construction of the bristles and the character of their immediate sources. 

After small fragments of the woody samples had been standing in 30 per 
cent glycerine for at least a week, they were prepared for examination by 
microtome sectioning. Transverse radial and tangential sections of about 
20u in thickness were cut, dehydrated to pure dioxane after having been 
transferred through several water dilutions of dioxane. Permanent mounting 
was accomplished by transferring the sections from pure dioxane to Canada 
balsam on standard 3 X | inch glass slides. The bristles in their carbonaceous 
matrix were embedded in paraffin before sectioning and mounting. Other- 
wise, there was a tendency towards crumbling and the consequent degrada- 
tion of the biological and spatial relationships characterizing the preserved 
condition. These sections were cut to thicknesses varying from 10 to 15. 


The Trunk or Branch Segment 

Examination revealed several kinds of detail notwithstanding poor pre- 
servation. All tissue was identified as secondary xylem. Tracheae and fibres 
were lacking. Tracheids were badly compressed laterally. In most instances 
the lumina were almost, if not completely obliterated either because of the 
collapsed walls or the increased thickness of the walls imposed in fossilization. 
Neither compressional forces nor the process of fossilization had interfered 
with the recognition of summer and spring wood. Demarcation between late 
summer growth of one year and early spring of the next was abrupt and 
distinct. 

Wood parenchyma cells, rectangular, with their long axes in vertical series 
and usually charged with structureless content were scattered throughout 
summer and spring wood. Parenchyma cell content was dark brown to 
black and contrasted in colour with the amber tracheary walls. Cell lumina 
were not completely filled, there being numerous rounded voids which inter- 
rupted the content; and the general appearance simulated the appearance 
produced by resin deposits in living coniferous wood parenchyma. Where 
walls of these cells were observed they were thin and smooth; and no pitting 
was detected. 
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Ficures 4 to 8 
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Rays were apparently very numerous, but they were much twisted, and 
because of the mechanical difficulties of obtaining true radial or tangential 
sections of them, it was thought that estimates of their frequency would be 
too questionable. There was great variation in depth: in terms of cell num- 
bers, it varied from two to twenty-six, but more often from five to seven. 
Tangential walls were often oblique and usually smooth. The latter con- 
dition was not quite so marked for the other walls, but when they were 
roughened the resulting appearance was not nearly so marked as it would 
be for walls of ray tracheids in certain living conifers. Indeed it seemed 
reasonable to conclude that no ray tracheids were present and that all cells 
were parenchymatous. In width the rays were uniseriate; a biseriate con- 
dition rarely arose, and even then it was somewhat uncertain, usually because 
of the oblique angle at which rays were often cut. 

Pitting was not well preserved, but enough details were evident to deter- 
mine some characteristic features. One marked feature was that the inter- 
tracheary pits were bordered and had indistinct circular outlines. Pit pores 
were narrow-elliptical and crossed. In many instances the long axis of the 
pit opening was apparently extended in a “slit” (Fig. 11), which continued 
in a spiralled course around the wall of the tracheid. Thus, often the walls 
were spirally striated—a condition which was thought to be an artifact 
of fossilization, and not a function of naturally inherent factors as it may be 
for certain living conifers. The arrangement of the pits was uniseriate. On 
quite rare occasions there was some suggestion of a biseriate condition and 
here the pits were opposite. No pitting was observed in any but the radial 
walls of the ray cells, and here there was usually one or, much less fre- 
quently, two pits to the crossing field. The shape of the pit in the ray paren- 
chyma cell wall was not clear enough to be designated, but the narrow 
oblique elliptic slits of the pit aperture in the tracheary wall of the crossing 
field were often clear. Sometimes they sloped to the right of vertical, and at 
other times to the left in neighbouring parts of the same ray. 


























Figure 9 
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Ficure 10 


Several features of this specimen were perhaps of less general implication 
and therefore have been noted separately. All related to construction of the 
rays. In many instances the upper and lower rows of cells were discontinuous. 
Occasionally parts of these rows appeared in faint outline (Fig. 4, ghosts), 
but this feature seemed to bear no relationship to the discontinuity aspect. 
Where a row of ray cells ended, the last cell in the row often had a sloped 
end wall which clearly terminated the course of the row. However, delimited 
upper and lower rows, tapered as they were at their ends, appeared to relate 
to two other conditions outlined in the drawings in Figure 9. In one circum- 
stance, the upper row tapered off and terminated where a lower row began 
and a median portion of the ray—one cell in depth—proceeded uninter- 
rupted. At the point of discontinuity, the cells in this median row were about 
half again as deep as the normal cells in the same row. In another example, 
two adjacent rows of a ray abutted onto the tapered end of a new row, 
nearly twice as deep, which replaced the former two in the ray. 


The Small Branch Segment 

This specimen was more complete than the first in that it consisted of 
pith with associated primary and secondary xylem about which were found 
fragments of bark. The wood was markedly compressed, clearly ringed and, 
as was evident in transverse view, in natural thickness of cell wall there was 
an appearance of much increase, probably because of the circumstances of 
fossilization. ‘There were no tracheae and no xylem fibres. Wood parenchyma 
occurred infrequently as scattered vertical series of cells in late wood and 
rarely in early wood. Occasionally the vertical series were grouped tangen- 
tially as crescents. Cell content was present, usually as dark brown beads in 
vertical rows. Except for localized grouping it was apparent that larger 
numbers of parenchyma cells occurred in the younger rather than the older 
areas of wood. 

Rays were thought to be very numerous, but this was difficult to substan- 
tiate statistically because of variable conditions imposed by fossilization, and 
the difficulty of sectioning in true radial or tangential direction. They 
appeared to be totally parenchymatous and always uniseriate. Usually they 
were two cells in depth, less frequently three or four, and the maximum of 
five or six was rare. At the inner termini of the rays at the pith border the 
ray cells were often irregular in form and were sometimes elongated in 
vertical axis (Fig. 10). 
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Ficure 11 


Pitting in the rays was very obscure, but there was evidence to suggest 
that there was one pit, and sometimes two, in the crossing field opening to 
the associated tracheid by an elliptic oblique pore. No pitting was observed 
on any ray parenchyma cell wall, other than on the radial. Intertracheary 
pitting was usually uniseriate, but on occasion was biseriate-opposite. The 
crossed, narrow-elliptic pores served as the origin of spiralled checking in 
the tracheary walls. In transverse views of thick sections this condition was 
readily observed (Fig. 6) and often it simulated the effect that multiseriate 
pitting would give. 

Primary wood was discernible in three places in transverse sections on the 
inner margin of the secondary cylinder. Probably other primary centres were 
present on this same circumference, but because of imperfections of pre- 
servation they could not be named with certainty. In longitudinal radial 
view, primary xylem elements were noted in several sections. Annular and 
scalariform tracheids were both observed (Fig. 5). It cannot be stated con- 
clusively that all metaxylem was centrifugally developed. Only about fifteen 
cells appeared in the sections examined and though several of them were 
observed to be separated in pith cells from the main mass of xylem, it is 
thought that this might have arisen in any tangential section passing through 
a radial side of the primary xylem rays. 

In the pith, there were large concentrations of rectangular cells that had 
walls characterized by connecting thickenings (Fig. 7). These cells along 
with others that lacked thickenings and were apparently parenchymatous, 
were often filled with a black deposit (Fig. 5). 


/ 


In remnants of bark bordering on secondary wood, only badly preserved 
cells, relatively thin-walled and slightly elongated vertically, were observed. 
‘These were presumed to be cortical parenchyma. Degradation of this tissue 
was accompanied by penetration of fungal hyphae which sometimes invaded 





50 THE ROYAL SOCIETY OF CANADA 


the wood. They will be described in the account of the third type of fossil 
investigated. 
Construction of Bristles 

Ramifying detached parenchymatous tissue similar to the cortical masses 
just described were the bristles, to whose gross structure reference has already 
been made. Transverse and longitudinal sections of these bristles revealed 
evidence showing that the fundamental matrix composing them was a struc- 
tureless, homogeneous, light-yellow mass. 

This material was abundant; it was composed of branching fungal hyphae 
whose trend of direction followed the long axis of the bristle (Fig. 8), but 
there was no other suggestion of organization in their association or method 
of growth. They varied in size with a range of diameter from 1.5 to 34, 
were septate; and no clamp connections were noted. The yellow matrix did 
not always appear in the form of bristles. In the disintegrating parenchy- 
matous mass were often large lacunae, frequently anastomosing, and also 
charged with this, or a strikingly similar, yellow matrix. Fungal hyphae like 
those described were usually either lacking or few in number in these smaller 
masses. Also, hyphae of the same structure were isolated among disintegrated 
cells and were often free of yellow matrix for at least part of their course. 

Occasionally associated with mycelium as a whole were ovoid sclerotia- 
like units (Fig. 12), but it cannot be established as yet that these were in 
organic connection with any hyphae. 


Ficure 12 


DISCUSSION AND CONCLUSIONS 


Both the large and small predominantly woody examples described are 
unquestionably coniferous and from the evidence presented it would appear 
that they are generically similar. So far as wood structure alone is concerned, 
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there appears to be no reason why they should not be assigned to the genus 
Cupressinoxylon Goppert. However, cross-field pitting, particularly in the 
wood of the small branch, shows the presence of elliptic oblique pores, a 
feature which when noted solely in regions where rays cross late wood, 
assigns the specimen to Mesembrioxylon Seward (6). This is particularly 
pertinent when the numbers of pits in a crossing field are only one or two, 
a common sitution in the present specimens. On the other hand, imperfect 
preservation in both specimens most frequently renders the details of the pit 
inadequate, and for the same reason it cannot be certain that elliptic oblique 
pores are peculiar to either early or late wood. On these grounds, therefore, 
the writer is inclined to the choice of Cupressinoxylon Goéppert, in which 
genus pit pores in any case may be variable as to form and position (cf. 6, 
p. 173). 

Both specimens show features other than generic that facilitate diagnosis. 
For instance, the larger of the predominantly woody specimens shows the 
consistent and peculiar irregularities in the rays. Interruption in upper and 
lower rows of ray cells has been noted in living conifers, for example in 
Abies sp. (1). In this respect the large specimen is markedly different from 
the smaller one. It also differs in the depth of the rays, but these and other 
secondary features may not be regarded as diagnostic aids because a fossil 
fragment of wood does not convey the complete range of possibilities of 
height variation of the wood from which the fragment came. Bannan and 
Fry were the first to note discontinuity in ray rows in fossil woods of Cedro- 
xylon and emphasized its importance in designating the species as C. dis- 
junctum Bannan and Fry, sp. nov. (2). The writer concurs with this 
designation, but in the wood described here no abietinean pitting occurs in 
the ray cell end walls and hence the application of Cedroxylon is eliminated. 
A new species is proposed, therefore, with reference to the first specimen 
described (trunk or branch segment) : 


Cupressinoxylon bannani Radforth, sp. nov. 

Coniferous wood with marked growth rings, scattered xylem parenchyma. 
Intertracheary pits in radial walls of early and late wood, large, round, uni- 
seriate, occasionally biseriate, in which case they are opposite or rarely alternate 
Ray pitting on radial walls (non-abietinean). Xylem rays uniseriate, entirely 
parenchymatous. Marginal ray rows discontinuous with blunt tapered cells 
terminating the row segments. Crossing field pits apparently one and two pet 
field. 

Type: Specimen Slide Nos. 2 and 20, Radforth Collection, McMaster University. 


The second representative wood sample (small woody branch segment 
with pith) differs from the above in height of ray (not necessarily diag- 
nostic ) and in a tendency in the former towards a more terminal distribution 
of xylem parenchyma. Also it lacks the characteristic irregularities of ray 
structure noted for the first specimen described. Finally, it possesses features 
(pith and primary xylem) not observable in Cupressinoxylon bannani. The 
exact relationship with the species of Cupressinoxylon described (for ex- 
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ample, cf. 6, pp. 188-98) cannot be completely substantiated and a new 
species is therefore proposed as follows, along with the diagnosis: 


Cupressinoxylon lignomedullosum Radforth, sp. nov. 

Coniferous wood and associated pith. Growth rings marked and xylem paren- 
chyma scattered but mostly in late wood. Intertracheary pits in radial walls of 
early and late wood, large, round, uniseriate, and occasionally biseriate, in which 
case they are opposite or, rarely, alternate. Ray pitting on radial walls (non- 
abietinean). Xylem rays uniseriate, entirely parenchymatous, outer row of 
terminal cells near pith irregular, often elongated in vertical direction. Annular 
and scalariform tracheids in groups on inner rim of secondary xylem extending 
into the medulla. Medullary core solid with sclerotic short rectangular cells with 
irregularly thickened walls. Crossing field pits usually one or two per field with 
elliptic oblique pores on tracheary surface slanting. 

Type: Specimen Slide No. 1193, Radforth Collection, McMaster University. 

The fossil fungus suggests no known generic affinity. Its name and diag- 
nosis is presented as follows: 

Onakawananus Radforth, gen. nov. 

Ascomycetoid hyphae associated in a homogeneous structureless matrix form- 

ing bristle-like structures simulating a primitive rhizomorph. 


Onakawananus varitas Radforth, sp. nov. 

Branching hyphae loosely arranged, commonly following the axis of the 
bristle; occasionally swollen and sometimes terminating in three more or less 
equidimensional cells relatively thick walled. 

The sclerotium-like structure (Fig. 12) associated with hyphae, similar 
to that of O. varitas, somewhat resembles that of the species named by 
Jeffrey and Chrysler Sclerotites brandonanus (3). These, which occurred 
in the lignites of Brandon, are associated with angiosperm wood, whereas 
those found in this investigation are almost certainly in coniferous remains 
by reason of the few coniferous wood cells attached to the main tissue in 
which the sclerotia were found. However, their specific identity though they 
doubtless belong to Sclerotites must remain inconclusive pending further 
evidence of their organic connection with associated mycelia. 

The presence of the mycelial masses in such significant quantity suggests 
relationships with a palaeoecological bearing. The general degradation of 
the outer tissues of branch segments occurred along with a high incidence 
of fungal hyphae. It was also observed that much of the amorphous material 
in the so-called earthy lignite seemed to be derived from disintegrating bark 
tissues. These circumstances when considered together suggest to the writer 
that for long intervals of time the upper part of the lignite was exposed to 
air at the time of fossilization, and water, necessary for preservation, was 
confined to the basal portions of the organic mass. 

Though this conclusion is in part derived from theory, it is basic to specu- 
lation that this aeration of the lignite, not glaciation, was the primary factor 
in eroding the upper portion of the seam. 

Mention was made earlier of the two types of large woody components 
in the lignite: the flattened slabs, and the highly twisted foreshortened woody 
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remains. Field observation indicated that towards the bottom of the exposure 
the latter type abounded, whereas the former predominated towards the 
upper levels. This suggests a possibility that the lower units might have been 
mostly in a near vertical position at fossilization and therefore practically 
in situ. On the other hand, the higher flattened units were probably hori- 
zontal at the onset of fossilization, having been transported to their ultimate 
site. It is not likely that removal involved great distance for there is little 
mineral deposit with the organic mass. 

The morphological information disclosed suggests that although the mass 
of coniferous wood is not necessarily as old as Lower Cretaceous, it cannot 
be judged as containing elements of Pleistocene as contaminants. 

Finally, if the conclusion that the lignites were, at intervals, aerated to 
some depth, successive temporarily lowered water tables might encourage 
a rich herbaceous flora (partly upland), and the chances for a microflora 
of wide representation from in situ plants relative to the representation of 
constituent microfossils originating from afar. Before further ecological infer- 
ence can be drawn, evidence from microfossil investigation will have to be 
offered. It is hoped that the writer in association with Dr. G. E. Rouse will 
be able to provide this in the near future from data now at hand. That 
microfossils did abound in Onakawana lignites has already been suggested 


(4; 5). 
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INTRODUCTION 


N earlier work of Radforth and Pegoraro it was established that sus- 
pensorial growth of Ginkgo biloba and Pinus sp. could be arrested, and 
in some cases averted when young proembryonic masses developed in vitro 
(1 and 2). At that time prediction of growth trends leading to differentiation 
of these embryonic units was difficult. The present work reports on attempts 
to extend the in vitro growth period of Ginkgo proembryos as a preliminary 
to establishing techniques of growth control which it is hoped will help in 
understanding the mechanism by which differentiation is achieved. 


METHOD 


Ginkgo ovules were collected locally in the autumn at a time when, on 
the basis of experience (1), it was judged that fertilization might be taking 
place. When the dissections for in vitro work commenced, inspection of 
samples from the collection revealed no evidence of cell formation in the 
archegonial contents. At this time a quantity of prothallia having archegonia 
were fixed for later comparison with examples transferred to in vitro con- 
ditions. The remainder of the collection was divided, and one portion was 
placed in cold storage at approximately 2° C.; the other was retained under 
average temperate greenhouse conditions. Both portions were sampled from 
time to time to assess ontogenetic progress. On these occasions some were 
dissected for in vitro study, and others were fixed for purposes of comparison 
later. 

A piece of tissue (approximately 3 by 114 by 114 mm.) containing both 
archegonia was removed from each of the gametophytic masses. Surfaces 
of the transplants were sterilized with a saturated solution of sodium hypo- 
chlorite, and thereafter the dissected tissue was transferred to a test tube 
containing aerated nutrient medium. The nutrient medium consisted of a 
single strength Difco Wickerham (yeast nitrogen base) solution with sucrose 
as the carbohydrate source. It was assumed that the Wickerham would pro- 
vide the essential growth factors for the growing embryo. The solution was 
filter-sterilized. Cultures were kept in a darkened room at room temperature. 

As an approach to assessing metabolic change in the environment of 
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proembryos, respiratory analyses were made in a standard Bronwill-Warburg 
apparatus using the direct method of Warburg. Intact gametophytes were 
inserted, one to a manometric vessel, after the integument had been carefully 
removed. All tissues were fixed in Lavdowsky’s fluid immediately after a 
measurement so that the stage of development could be determined. 


RESULTS AND DISCUSSION 


As in all other attempts to grow proembryos in vitro, contamination of 
the mass proved to be a serious limitation in spite of all precautions. A 
second major difficulty was discovered after the period of fertilization had 
passed. In only about 25 per cent of the ovules had fertilization taken place. 
Thus, with embryonic development in vivo improbable to the degree sug- 
gested, one might expect very poor response in vitro. 

Nevertheless, growth was attained in vitro. In terms of celi numbers 
proembryos of different sizes were obtained (cf. Fig. 2, proembryo cultured 
in vitro, and Fig. 1 grown under in vivo conditions). To appreciate com- 
parison of the in vitro results with those shown for normally developed 
embryos a knowledge of embryonic ontogeny from early post-fertilization 
is helpful. It will then be realized that development of a suspensorial region 
in the proembryo begins early when the mass of cells numbers about eight 
or nine (1). 

The in vitro examples (cf. Fig. 2 and (1) ) show retardation or possibly 
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Ficure 2 


indefinite postponement of the suspensor, which is in fact the first sign of 
differentiation. This result in part confirms earlier work (1), but the environ- 
mental conditions differ in the two sets of results. In the earlier work it was 
shown that the suspensor does not develop when a maximum amount of 
prothallial tissue is removed to allow for access of the nutrient medium all 
around the proembryo. In the present study the suspensor does not fully 
develop even though a large mass of prothallial tissue is allowed to remain 
as part of the total transplant and provided nutriment is available where 
prothallial tissue is lacking. 

Where suspensorial development is totally absent in vitro, a suggestion 
that differentiation commences in an equatorial belt in the three-dimensional 
proembryonic mass has been inferred (1). This situation is not yet regarded 
as established, for supporting evidence is still somewhat inadequate. The 
present work shows on the one hand, that although differentiation is delayed 
by failure of the suspensor to appear, eventually differentiation by localized 
cell division may be expected (Fig. 2). In this case polarity is imposed, and 
the embryo begins to “take form.” The ultimate form of the in vitro cultured 
embryo is still unknown. In any event, it is now clear that both suspensor 
and direction of polarity arising from local embryonic meristematic activity 
are not fixed by predetermined phylogenetic agents inherent in the post- 
zygotic masses. 

The questions as to where the growth controlling agents are, and what 
their properties are now arise. At least a partial answer is being sought at 
present by the authors through assessment of metabolic relations existing in 
the proembryonic-gametophytic complex. It now becomes evident that when 
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this complex proves on micro-analyses to be sterile it has an oxygen con- 
sumption rate of about 30 “1/3 hr./g. of complex. On the other hand, a 
complex containing an embryo 1mm. in length consumes about 80 1/3 
hr./g. of complex. 

Preliminary results show that this differential in oxygen consumption is 
correlated neither directly nor simply with proembryo or embryo size. How- 
ever, it promises to provide the first means of indexing environmental states 
in the course of early embryogeny. Moreover, it already suggests an appli- 
cation of significance in that presumably it will now be easier to assess 
whether or not an early post-fertilization stage has been reached and is 
appropriate for transplantation. Formerly the investigators were obliged to 
anticipate such stages because determination by inspection without destruc- 
tion of the zygote or post-zygote is normally impossible. Thus the physio- 
logical approach, in that it now facilitates this determination, indirectly 
affords a means of increasing the number of successful in vitro results, a 
situation that must obtain if statistical confirmation of this work is required. 
It may also encourage the use of physiological age rather than anatomical 
age as a convenient means of identifying precise proembryonic ontogenetic 
stage at the time of transfer to in vitro conditions. In the light of this, for 
the first time, the age of proembryo becomes linked with one gametophytic 
condition by one measurement. 
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